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NUCLEIC ACIP MOLECULES ASSOCIATED WITH ANGIOGENESIS II 



Technical Field 

The present invention relates to novel nucleic acid 

5 sequences (^angiogenic genes") involved in the process of 
angiogenesis. Each of the angiogenic genes encode a 
polypeptide that has a role in angiogenesis • In view of 
the realisation that these genes play a role in 
angiogenesis, the invention is also concerned with the 

10 therapy of pathologies associated with angiogenesis , the 
screening of drugs for pro- or ant i- angiogenic activity, 
the diagnosis and prognosis of pathologies associated with 
angiogenesis, and in some cases the use of the nucleic 
acid sequences to identify and obtain full-length 

15 angiogenesis-related genes* 

Background Art 

The formation of new blood vessels from pre-existing 
vessels, a process termed angiogenesis, is essential for 
20 normal growth. Important angiogenic processes include 
those taking place in erabryogenesis, renewal of the 
endometrium, formation and growth of the corpus luteum of 
pregnancy, wound healing and in the restoration of tissue 
structure and function after injury. 

2 5 The formation of new capillaries requires a co- 

ordinated series of events mediated through the expression 
of multiple genes which may have either pro- or anti- 
angiogenic activities. The process begins with an 
angiogenic stimulus to existing vasculature, usually 

30 mediated by growth factors such as vascular endothelial 
growth factor or basic fibroblast growth factor. This is 
followed by degradation of the extracellular matrix, cell 
adhesion changes (and disruption), an increase in cell 
permeability, proliferation of endothelial cells (ECs) and 

35 migration of ECs towards the site of blood vessel 
formation. Subsequent processes include capillary tube or 
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lumen formation, stabilisation and differentiation by the 
migrating 1 ECs. 

Xn the (normal) healthy adult, angiogenesis is 
virtually arrested and occurs only when needed. However, a 
5 number of pathological situations are characterised by 
enhanced, uncontrolled angiogenesis. These conditions 
include cancer, rheumatoid arthritis, diabetic 
retinopathy, psoriasis and cardiovascular diseases such as 
atherosclerosis* In other pathologies such as ischaemic 
10 limb disease or in coronary artery disease, growing new 
vessels through the promotion of an expanding vasculature 
would be of benefit. 

A number of in vitro assays have been established 
which are thought to mimic angiogenesis and these have 
15 provided important tools to examine the mechanisms by 
which the angiogenic process takes place and the genes 
most likely to be involved. 

Lumen formation is a key step in angiogenesis. The 
presence of vacuoles within ECs undergoing angiogenesis 
20 have been reported and their involvement in lumen 
formation has been postulated (Folkman and Haudenschild, 
1980; Gamble et al., 1993}. The general mechanism of lumen 
formation suggested by Folkman and Haudenschild (1980), 
has been that vacuoles form within the cytoplasm of a 
25 number of aligned ECs which are later converted to a tube. 
The union of adjacent tubes results in the formation of a 
continuous unicellular capillary lumen. However, little is 
known about the changes in cell morphology leading to 
lumen formation or the signals recnxired for ECs to 
3 0 construct this feature. 

An in vitro model of angiogenesis has been created 
from human umbilical vein ECs plated onto a 3 dimensional 
collagen matrix (Gamble et al., 1993). In the presence of 
phorbol myristate acetate (PMA) these cells form capillary 
35 tubes within 24 hours. With the addition of anti-integrin 
antibodies, the usually unicellular tubes (thought to 
reflect an immature, poorly differentiated phenotype) are 
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converted to form a multicellular lumen through the 
inhibition of cell-matrix interactions and promotion of 
cell-cell interactions. This model has subsequently 
allowed the investigation of the morphological events 
5 which occur in lumen formation. 

For the treatment of diseases associated with 
angiogenesis, understanding the molecular genetic 
mechanisms of the process is of paramount importance. The 
use of the in vitro model described above (Gamble et al., 
10 1993) , a model that reflects the critical events that 
occur during angiogenesis in vivo in a time dependant and 
broadly synchronous manner, has provided a tool for the 
identification of the key genes involved. 

A number of genes have been identified from this 
15 model to be differentially expressed during the 
angiogenesis process. Functional analysis of a subset of 
these angiogenic genes and their effect on endothelial 
cell f u nction and proliferation is described in detail 
below. 

20 The isolation of these angiogenic genes has provided 

novel targets for the treatment of angiogenesis-related 
disorders . 

Disclosure of the Invention 

25 The present invention provides isolated nucleic acid 

molecules, which have been shown to be regulated in their 
expression during angiogenesis (see Table 1) . 

In a first aspect of the present invention there is 
provided isolated nucleic acid molecules as defined by 

30 Figures 1 to 44. 

Following the realisation that the molecules listed 
in Table 1 are regulated in their expression during 
angiogenesis, the invention provides isolated nucleic acid 
molecules as laid out in Table 1, or fragments thereof, 

35 that play a role in an angiogenic process. Such a process 
may include, but is not restricted to, embryogenesis, 
menstrual cycle, wound repair, tumour angiogenesis and 
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exercise induced muscle hypertrophy. 

In addition, the present invention provides isolated 
nucleic acid molecules as laid out in Table 1 (hereinafter 
referred to as "angiogenic genes", "angiogenic nucleic 
5 acid molecules" or "angiogenic polypeptides" for the sake 
of convenience), or fragments thereof, that play a role in 
diseases associated with the angiogenic process- Diseases 
may include, but are not restricted to, cancer, rheumatoid 
arthritis, diabetic retinopathy, psoriasis, cardiovascular 

10 diseases such as atherosclerosis, ischaemic limb disease 
and coronary artery disease* 

The invention also encompasses an isolated nucleic 
acid molecule that is at least 70% identical to any one of 
the angiogenic genes of the invention and which plays a 

15 role in the angiogenic process* 

Such variants will have preferably at least about 
85%, and most preferably at least about 9S% sequence 
identity to the angiogenic genes* Any one of the 
polynucleotide variants described above can encode an 

20 amino acid sequence, which contains at least one 
functional or structural characteristic of the relevant 
angiogenic gene of the invention. 

Sequence identity is typically calculated using the 
BLAST algorithm, described in Altschul efc al (1997) with 

25 the BIjOSUM62 default matrix* 

The invention also encompasses an isolated nucleic 
acid molecule which hybridises under stringent conditions 
with any one of the angiogenic genes of the invention and 
which plays a role in an angiogenic process* 

30 Hybridisation with PCR probes which are capable of 

detecting polynucleotide sequences, including genomic 
sequences, may be used to identify nucleic acid sequences 
which encode the relevant angiogenic gene. The specificity 
of the probe, whether it is made from a highly specific 

35 region, e.g*, the 5 • regulatory region, or from a less 
specific region, e*g., a conserved motif, and the 
stringency of the hybridisation or amplification will 
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determine whether the . probe identifies only naturally 
occurring sequences encoding the angiogenic gene, allelic 
variants, or related sequences* 

Probes may also be used for the detection of related 
5 sequences, and should preferably have at least 50% 
sequence identity to any of the angiogenic gene encoding 
sequences of the invention. The hybridisation probes of 
the subject invention may be DNA or RNA and may be derived 
from any one of the angiogenic gene sequences or from 

10 genomic sequences including promoters, enhancers, and 
introns of the angiogenic genes. 

Means for producing specific hybridisation probes for 
DNAs encoding any one of the angiogenic genes include the 
cloning of polynucleotide sequences encoding the relevant 

15 angiogenic gene or its derivatives into vectors for the 
production of mRNA probes* Such vectors are known in the 
art, and are commercially available. Hybridisation probes 
may be labelled by radionuclides such as 32 P or 35 S, or by 
enzymatic labels, such as alkaline phosphatase coupled to 

20 the probe via avidin/biotin coupling systems, or other 
methods known in the art* 

Under stringent conditions, hybridisation with 32 P 
labelled probes will most preferably occur at 42°C in 750 
mM NaCl, 75 mM tri sodium citrate, 2% SDS, 50% formamide, 

25 IX Denhart's, ±0% (w/v) dextran sulphate and 100 iig/ml 
denatured salmon sperm DNA. Useful variations on these 
conditions will be readily apparent to those skilled in 
the art* The washing steps which follow hybridisation most 
preferably occur at 65°C in 15 mM NaCl, 1.5 mM trisodium 

30 citrate, and 1% SDS. Additional variations on these 
conditions will be readily apparent to those skilled in 
the art . 

The nucleotide sequences of the present invention can 
be engineered using methods accepted in the art so as to 
35 alter angiogenic gene-encoding sequences for a variety of 
purposes* These include, but are not limited to, 
modification of the cloning, processing, and/or expression 
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of the gene product. PCR reassembly of gene fragments and 
the use of synthetic oligonucleotides allow the 
engineering of angiogenic gene nucleotide sequences. For 
example, oligonucleotide-mediated site-directed 

5 mutagenesis can introduce mutations that create new 
restriction sites, alter glycosylation patterns and 
produce splice variants etc. 

As a result of the degeneracy of the genetic code, a 
number of polynucleotide sequences encoding the angiogenic 
10 genes of the invention, some that may have minimal 
similarity to the polynucleotide sequences of any known 
and naturally occurring gene, may be produced. Thus, the 
invention includes each and every possible variation of 
polynucleotide sequence that could be made by selecting 
15 combinations based on possible codon choices. These 
combinations are made in accordance with ,the standard 
triplet genetic code as applied to the polynucleotide 
sequence of the naturally occurring angiogenic gene, and 
all such variations are to be considered as being 
20 specifically disclosed. 

The polynucleotides of this invention include RNA, 
cDNA, genomic DMA, synthetic forms, and mixed polymers, 
both sense and antisense strands, and may be chemically or 
biochemically modified, as will be appreciated by those 
25 skilled in the art. Such modifications include labels, 
methylation, intercalators, alkylators and modified 
linkages. In some instances it may be advantageous to 
produce nucleotide sequences encoding an angiogenic gene 
or its derivatives possessing a substantially different 
30 codon usage than that of the naturally occurring gene. For 
example, codons may be selected to increase the rate of 
expression of the peptide in a particular prokaryotic or 
eukaryotic host corresponding with the frequency that 
particular codons are utilized by the host. Other reasons 
35 to alter the nucleotide sequence encoding an angiogenic 
gene or its derivatives without altering the encoded amino 
acid sequence include the production of UNA transcripts 
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having more desirable properties, such as a greater half- 
life, than transcripts produced from the naturally 
occurring sequence* 

The invention also encompasses production of the 
5 nucleic acid molecules of the invention, entirely by 
synthetic chemistry* Synthetic sequences may be inserted 
into expression vectors and cell systems that contain the 
necessary elements for transcriptional and translational 
control of the inserted coding sequence in a suitable 
10 host. These elements may include regulatory sequences, 
promoters, 5 1 and 3* untranslated regions and specific 
initiation signals (such as an ATG initiation codon and 
Kozak consensus sequence) which allow more efficient 
translation of sequences encoding the angiogenic genes. In 
15 cases where the complete coding sequence including its 
initiation codon and upstream regulatory sequences are 
inserted into the appropriate expression vector, 
additional control signals may not be needed. However, in 
cases where only coding sequence, or a fragment thereof, 
20 is inserted, exogenous translational control signals as 
described above should be provided by the vector. Such 
signals may be of various origins, both natural and 
synthetic. Hie efficiency of expression may be enhanced by 
the inclusion of enhancers appropriate for the particular 
25 host cell system used (Scharf et al., 1994), 

Nucleic acid molecules that are complements of the 
sequences described herein may also be prepared. 

The present invention allows for the preparation of 
purified polypeptides or proteins. In order to do this, 
30 host cells may be transfected with a nucleic acid molecule 
as described above. Typically, said host cells are 
transfected with an expression vector comprising a nucleic 
acid molecule according to the invention. A variety of 
expression vector/host systems may be utilized to contain 
3 5 and express the sequences. These include, but are not 
limited to, microorganisms such as bacteria transformed 
with plasmid or cosmid DNA expression vectors; yeast 
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transformed with yeast expression vectors; insect cell 
systems infected with viral expression vectors {e.g., 
baculovirus); or mouse or other animal or human tissue 
cell systems. Mammalian cells can also be used to express 
5 a protein that is encoded by a specific angiogenic gene of 
the invention using various expression vectors including 
plasmid, cosmid and viral systems such as a vaccinia virus 
expression system. The invention is not limited by the 
host cell employed. 
10 The polynucleotide sequences, or variants thereof, of 

the present invention can be stably expressed in cell 
lines to allow long term production of recombinant 
proteins in mammalian systems. Sequences encoding any one 
of the angiogenic genes of the invention can be 
15 transformed into cell lines using expression vectors which 
may contain viral origins of replication and/ or endogenous 
expression elements and a selectable marker gene on the 
same or on a separate vector. The selectable marker 
confers resistance to a selective agent, and its presence 
20 allows growth and recovery of cells which successfully 
express the introduced sequences. Resistant clones of 
stably transformed cells may be propagated using tissue 
culture techniques appropriate to the cell type. 

The protein produced by a transformed cell may be 
25 secreted or retained intracellular^ depending on the 
sequence and/or the vector used. As will be understood by 
those of skill in the art, expression vectors containing 
polynucleotides which encode a protein may be designed to 
contain signal sequences which direct secretion of the 
30 protein through a prokaryotic or eukaryotic cell membrane. 

In addition, a host cell strain may be chosen for its 
ability to modulate expression of the inserted sequences 
or to process the expressed protein in the desired 
fashion. Such modifications of the polypeptide include, 
35 but are not limited to, acetylation, glycosylation, 
phosphorylation, and acylation. Post-translational 
cleavage of a "prepro" form of the protein may also be 
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used to specify protein targeting, folding, and/or 
activity* Different host cells having specific cellular 
machinery and characteristic mechanisms for post- 
translatioaal activities {e.g., CHO or HeLa cells), are 
5 available from the American Type Culture Collection (ATCC) 
and may be chosen to ensure the correct modification and 
processing of the foreign protein. 

When large (quantities of protein are needed such as 
for antibody production, vectors which direct high levels 

10 of expression may be used such as those containing the T5 
or T7 inducible bacteriophage promoter. The present 
invention also includes the use of the expression systems 
described above in generating and isolating fusion 
proteins which contain important functional domains of the 

15 protein. These fusion proteins are used for binding, 
structural and functional studies as well as for the 
generation of appropriate antibodies. 

xn order to express and purify the protein as a 
fusion protein, the appropriate polynucleotide sequences 

2 0 of the present invention are inserted into a vector which 
contains a nucleotide sequence encoding another peptide 
(for example, glutathionine succinyl transferase) . The 
fusion protein is expressed and recovered from prokaryotic 
or eukaryotic cells. The fusion protein can then be 

25 purified by affinity chromatography based upon the fusion 
vector sequence and the relevant protein can subsequently 
be obtained by enzymatic cleavage of the fusion protein. 

Fragments of polypeptides of the present invention 
may also be produced by direct peptide synthesis using 

30 solid-phase techniques. Automated synthesis may be 
achieved by using the ABI 431A Peptide Synthesizer 
(Per kin-Elmer) . Various fragments of polypeptide may be 
synthesized separately and then combined to produce the 
full length molecule. 

35 Xn instances where the isolated nucleic acid 

molecules of the invention represent only partial gene 
sequence, these partial sequences can be used to obtain 
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the corresponding sequence of the full-length angiogenic 
gene. Therefore , the present invention further provides 
the use of a partial nucleic acid molecule of the 
invention comprising a nucleotide sequence defined by any 
one of the sequences defined in figure 1 to 44 to identify 
and/or obtain full-length human genes involved in the 
angiogenic process. Full-length angiogenic genes may be 
cloned using the partial nucleotide sequences of the 
invention by methods known per se to those skilled in the 
art. For example, in silica analysis of sequence databases 
such as those hosted at the National Centre for 
Biotechnology Information (http: / /www. ncbi .nlm. nih.gov/ ) 
can be searched in order to obtain overlapping nucleotide 
sequence. This provides a ^walking" strategy towards 
obtaining the full-length gene sequence. Appropriate 
databases to search at this site include the expressed 
sequence tag (EST) database (database of GenBank, EMBL and 
DDBJ sequences from their EST divisions) or the non 
redundant (nr) database (contains all GenBank, EMBD, DDBJ 
and PDB sequences but does not include EST, STS, GSS, or 
phase O, 1 or 2 HTGS sequences) . Typically searches are 
performed using the BLAST algorithm described in Altschul 
at al (1997) with the BLOSUM62 default matrix. In 
instances where in silica ^walking" approaches fail to 
retrieve the complete gene sequence, additional strategies 
may be employed. These include the use of "restrict ion- 
site PCR" which allows the retrieval of unknown sequence 
adjacent to a portion of DNA whose sequence is known. In 
this technique* universal primers are used to retrieve 
unknown sequence. Inverse PCR may also be used, in which 
pr ime rs based on the known sequence are designed to 
amplify adjacent unknown sequences. These upstream 
sequences may include promoters and regulatory elements. 
In addition, various other PCR-based techniques may be 
used, for example a kit available from Clontech (Palo 
Alto, California) allows for a walking PCR technique, the 
5 'RACE kit (Gibco-BRL) allows isolation of additional 5' 
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gene sequence, while additional 3 ■ sequence can be 
obtained using practised techniques {for eg see Gecz et 
al. f 1997). 

The present invention also provides isolated 
polypeptides , which have been shown to be regulated in 
their expression during angiogenesis (see Table 1) • 

More specifically, following the realisation that 
these polypeptides are regulated in their expression 
during angiogenesis, the invention provides isolated 
polypeptides as laid out in Table 1/ or fragments thereof, 
that play a role in an angiogenic process. Such a process 
may include, but is not restricted to, embryogenesis, 
menstrual cycle, wound repair, tumour angiogenesis and 
exercise induced muscle hypertrophy. 

In addition, the present invention provides isolated 
polypeptides as laid out in Table 1, or fragments thereof, 
that play a role in diseases associated with the 
angiogenic process. Diseases may include, but are not 
restricted to, cancer, rheumatoid arthritis, diabetic 
retinopathy, psoriasis, cardiovascular diseases such as 
atherosclerosis, ischaemic limb disease and coronary 
artery disease. 

The invention also encompasses an isolated 
polypeptide having at least 70%, preferably 85%, and more 
preferably 95%, identity to any one of the polypeptides as 
laid out in Table 1, and which plays a role in an 
angiogenic process . 

Sequence identity is typically calculated using the 
BLAST algorithm, described in Altschul et al (1997) with 
the BLOSUM62 default matrix. 

In a further aspect of the invention there is 
provided a method of preparing a polypeptide as described 
above, comprising the steps of: 

(1) culturing the host cells under conditions 
effective for production of the polypeptide; and 
(2) harvesting the polypeptide. 

According to still another aspect of the invention 
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there is provided a polypeptide which is the product of 
the process described above. 

Substantially purified protein or fragments thereof 
can then be used in further biochemical analyses to 
5 establish secondary and tertiary structure for example by 
x-ray crystallography of the protein or by nuclear 
magnetic resonance (NMR) . Determination of structure 
allows for the rational design of pharmaceuticals to 
interact with the protein, alter protein charge 
10 configuration or charge interaction with other proteins, 
or to alter its function in the cell . 

The invention has provided a number of genes likely 
to be involved in angiogenesis. As angiogenesis is 
critical in a number of pathological processes, the 
15 invention therefore enables therapeutic methods for the 
treatment of all angiogenesis-related disorders, and may 
enable the diagnosis or prognosis of all angiogenesis- 
related disorders associated with abnormalities in 
expression and/or function of any one of the angiogenic 
20 genes* 

Examples of such disorders include, but are not 
limited to, cancer, rheumatoid arthritis, diabetic 
retinopathy, psoriasis, cardiovascular diseases such as 
atherosclerosis, ischaemic limb disease and coronary 

25 artery disease. 

According to another aspect of the present invention 
there is provided a method of treating an angiogenesis- 
related disorder as described above, comprising 
administering a selective agonist or antagonist of an 
30 angiogenic gene or protein of the invention to a subject 
in need of such treatment. 

Still further there is provided the use of a 
selective agonist or antagonist of an angiogenic gene or 
protein of the invention for the treatment of an 
35 angiogenesis-related disorder as described above. 

For the treatment of angiogenesis-related disorders 
which result in uncontrolled or enhanced angiogenesis, 
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including but not limited to, cancer, rheumatoid 
arthritis, diabetic retinopathy, psoriasis and 
cardiovascular diseases such as atherosclerosis, therapies 
which inhibit the expanding vasculature are desirable. 
This would involve inhibition of any one of the angiogenic 
genes or proteins that are able to promote angiogenesis, 
or enhancement , stimulation or re-activation of any one of 
the angiogenic genes or proteins that are able to inhi b it 
angiogenesis . 

For the treatment of angiogenesis-related disorders 
which are characterised by inhibited or decreased 
angiogenesis, including but not limited to, ischaemic limb 
disease and coronary artery disease, therapies which 
enhan ce or promote vascular expansion are desirable. This 
would involve inhibition of any one of the angiogenic 
genes or proteins that are able to restrict angiogenesis 
or enhancement, stimulation or re-activation of any one of 
the angiogenic genes or proteins that are able to promote 
angiogenesis - 

Inhibiting gene or protein function 

Inhibiting the function of a gene or protein can be 
achieved in a variety of ways. Antisense nucleic acid 
methodologies represent one approach to inactivate genes 
whose altered expression is causative of a disorder. In 
one aspect of the invention an isolated nucleic acid 
molecule, which is the complement of any one of the 
relevant angiogenic nucleic acid molecules described above 
and which encodes an RNA molecule that hybridises with the 
mRNA encoded by the relevant angiogenic gene of the 
invention, may be administered to a subject in need of 
such treatment. Typically, a complement to any relevant 
one of the angiogenic genes is administered to a subject 
to treat or prevent an angiogenesis-related disorder. 

In a further aspect of the invention there is 
provided the use of an isolated nucleic acid molecule 
which is the complement of any one of the relevant nucleic 
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acid molecules of the invention and which encodes an RNA 
molecule that hybridises with the mRNA encoded by the 
relevant angiogenic gene of the invention, in the 
manufacture of a medicament for the treatment o£ an 
angiogenesis-related disorder. 

Typically, a vector expressing the complement of a 
polynucleotide encoding any one of the relevant angiogenic 
genes may be administered to a subject to treat or prevent 
an angiogenesis-related disorder including, but not 
limited to, those described above. Many methods for 
introducing vectors into cells or tissues are available 
and e<jually suitable for use in vivo, in vitro, and ex 
vivo. For ex vivo therapy, vectors may be introduced into 
stem cells taken from the patient and clonally propagated 
for autologous transplant back into that same patient. 
Delivery by transf ection, by liposome injections , or by 
polycat ionic amino polymers may be achieved using methods 
which are well known in the art (for example,, see Goldman 
et al.r 1997) . 

Additional antisense or gene-targeted silencing 
strategies may include, but are not limited to, the use of 
antisense oligonucleotides, injection of antisense RNA, 
transf ection of antisense UNA expression vectors, and the 
use of RNA interference (RNAi) or short interfering RNAs 
(siRNA). Still further, catalytic nucleic acid molecules 
such as DNAzymes and ribozymes may be used for gene 
silencing (Breaker and Joyce, 1994; Haseloff and Gerlach, 
1988). These molecules function by cleaving their target 
mRNA molecule rather than merely binding to it as in 
traditional antisense approaches. 

In a further aspect purified protein according to the 
invention may be used to produce antibodies which 
specifically bind any relevant angiogenic protein of the 
invention. These antibodies may be used directly as an 
antagonist or indirectly as a targeting or delivery 
mechanism for bringing a pharmaceutical agent to cells or 
tissues that express the relevant angiogenic protein. Such 

H:\MaxoR\KeKp\Spoci\P0106.doc 38/03/0) 



- 16 - 



antibodies may include, but are not limited to, 
polyclonal, monoclonal, chimeric and single chain 
antibodies as would be understood by the person skilled in 
the art. 

For the production of antibodies, various hosts 
including rabbits, rats, goats, mice, humans, and others 
may be immunized by injection with a protein of the 
invention or with any fragment or oligopeptide thereof, 
which has immunogenic properties. Various adjuvants may be 
used to increase immunological response and include, but 
are not limited to, Freund's, mineral gels such as 
aluminum hydroxide, and surface-active substances such as 
lysolecithin. Adjuvants used in humans include BCG 
(bacilli Calmette-Guerin) and Corynebacterium parvum. 

It is preferred that the oligopeptides, peptides, or 
fragments used to induce antibodies to the relevant 
angiogenic protein have an amino acid sequence consisting 
of at least about 5 amino acids, and, more preferably, of 
at least about 10 amino acids. It is also preferable that 
these oligopeptides, peptides, or fragments are identical 
to a portion of the amino acid sequence of the natural 
protein and contain the entire amino acid sequence of a 
small, naturally occurring molecule. Short stretches of 
amino acids from these proteins may be fused with those of 
another protein, such as KLH, and antibodies to the 
chimeric molecule may be produced. 

Monoclonal antibodies to any relevant angiogenic 
protein may be prepared using any technique which provides 
for the production of antibody molecules by continuous 
cell lines in culture. These include, but are not limited 
to, the hybridoma technique, the human B-cell hybridoma 
technique, and the EBV- hybridoma technique. {For example, 
see Kohler et al., 1975; Kozbor et al., 1985; Cote et al., 
1983* Cole et al., 1984). 

Monoclonal antibodies produced may include, but are 
not limited to, mouse-derived antibodies, humanised 
antibodies and fully human antibodies. 

H: \KoraR\X««p\5peci VP4914 6.doc 28/03 /0J 



- 17 - 



Antibodies may also be produced by inducing in vivo 
production in the lymphocyte population or by screening 
immunoglobulin libraries or panels of highly specific 
binding reagents as disclosed in tbe literature. (For 
example, see Orlandi et al., 1989; Winter et al. r 1991). 

Antibody fragments which contain specific binding 
sites for any relevant angiogenic protein may also be 
generated. For example, such fragments include, F(ab a )2 
fragments produced by pepsin digestion of the antibody 
molecule and Fab fragments generated by reducing the 
disulfide bridges of the F(ab')2 fragments. Alternatively, 
Fab expression libraries may be constructed to allow rapid 
and easy identification of monoclonal Fab fragments with 
the desired specificity. (For example, see Huse et al., 
1989) . 

Various immunoassays may be used for screening to 
identify antibodies having the desired specificity. 
Numerous protocols for competitive binding or 
immunoradiometric assays using either polyclonal or 
monoclonal antibodies with established specificities are 
well known in the art. Such immunoassays typically involve 
the measurement of complex formation between a protein and 
its specific antibody. A two-site, monoclonal -based 
immunoassay utilizing monoclonal antibodies reactive to 
two non- interfering epitopes is preferred, but a 
competitive binding assay may also be employed. 

In a further aspect, antagonists may include 
peptides, phosphopeptides or small organic or inorganic 
compounds. These antagonists should disrupt the function 
of any relevant angiogenic gene of the invention so as to 
provide the necessary therapeutic effect. 

Peptides, phosphopeptides or small organic or 
inorganic compounds suitable for therapeutic applications 
may be identified using nucleic acids and polypeptides of 
the invention in drug screening applications as described 
below. 
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Enhancing gene or protein function 

Enhancing, stimulating or * re -activating a gene's or 
protein's function can be achieved in a variety of ways* 
In one aspect of the invention administration of an 
isolated nucleic acid molecule, as described above, to a 
subject in need of such treatment may be initiated. 
Typically, any relevant angiogenic gene of the invention 
can be administered to a subject to treat or prevent an 
angiogenesis-related disorder. 

In a further aspect, there is provided the use of an 
isolated nucleic acid molecule , as described above, in the 
manufacture of a medicament for the treatment of an 
angiogenesis-related disorder* 

Typically, a vector capable of expressing any 
relevant angiogenic gene, or a fragment or derivative 
thereof, may be administered to a subject to treat or 
* prevent a disorder including, but not limited to, those 
described above. Transducing retroviral vectors are often 
used for somatic cell gene therapy because of their high 
efficiency of infection and stable integration and 
expression. Any relevant full-length gene, or portions 
thereof, can be cloned into a retroviral vector and 
expression may be driven from its endogenous promoter or 
from the retroviral long terminal repeat or from a 
promoter specific for the target cell type of interest. 
Other viral vectors can be used and include, as is known 
in the art, adenoviruses, adeno- associated viruses, 
vaccinia viruses, papova virus e s , lentiviruses and 
retroviruses of avian, murine and human origin. 

Gene therapy would be carried out according to 
established methods (Friedman, 1991; Culver, 1996). A 
vector containing a copy of any relevant angiogenic gene 
linked to expression control elements and capable of 
replicating inside the cells is prepared. Alternatively 
the vector may be replication deficient and may require 
helper cells for replication and use in gene therapy. 

Gene transfer using non-viral methods of infection in 
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vitro can also be used. These methods include direct 
injection of DNA, uptake of naked DMA in the presence of 
calcium phosphate/ electroporation, protoplast fusion or 
liposome delivery. Gene transfer can also be achieved by 
5 delivery as a part of a human artificial chromosome or 
receptor-mediated gene transfer. This involves linking the 
DNA to a targeting molecule that will bind to specific 
cell-surface receptors to induce endocytosis and transfer 
of the DNA into mammalian cells. One such technique uses 
10 poly-Ii- lysine to link asialoglycoprotein to DNA. An 
adenovirus is also added to the complex to disrupt the 
lysosomes and thus allow the DMA to avoid degradation and 
move to the nucleus. infusion of these particles 
intravenously has resulted in gene transfer into 

15 hepatocytes. 

Although not identified to date, it is possible that 
certain individuals with angiogenesis-related disorders 
contain an abnormality in any one of the angiogenic genes 
of the invention. Therefore, in affected subjects that 
20 have decreased expression or activity of an angiogenic 
gene, a mechanism of down- regulation may be due to 
abnormal methylation of promoter regions of those 
angiogenic genes which contain CpG islands. Therefore in 
an alternative approach to therapy, administration of 
25 agents that remove abnormal promoter methylation may 
reactivate gene expression and restore normal function to 
the affected cell. 

In affected subjects that express a mutated form of 
any one of the angiogenic genes of the invention it may be 
30 possible to prevent the disorder by introducing into the 
affected cells a wild-type copy of the gene such that it 
recombines with the mutant gene. This requires a double 
recombination event for the correction of the gene 
mutation. Vectors for the introduction of genes in these 
35 ways are known in the art, and any suitable vector may be 
used. Alternatively, introducing another copy of the gene 
bearing a second mutation in that gene may be employed so 
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as to negate the original gene mutation and block any 
negative effect. 

in a still further aspect, there is provided a method 
of treating an angiogenesis-related disorder comprising 
administering a polypeptide, as described above, or an 
agonist thereof, to a subject in need of such treatment. 

in another aspect the invention provides the use of a 
polypeptide as described above, or an agonist thereof, in 
the manufacture of a medicament for the treatment of an 
angiogenesis-related disorder. Examples of such disorders 

are described above. 

In a further aspect, a suitable agonist may also 
include peptides, phosphopeptides or small organic or 
inorganic compounds that can mimic the function of any 
relevant angiogenic gene, or may include an antibody to 
any relevant angiogenic gene that is able to restore 
function to a normal level. 

peptides, phosphopeptides or small organic or 
inorganic compounds suitable for therapeutic applications 
may be identified using nucleic acids and polypeptides of 
the invention in drug screening applications as described 
below. 

in further embodiments, any of the agonists, 
antagonists, complementary sequences, nucleic acid 
molecules, proteins, antibodies, or vectors of the 
invention may be administered in combination with other 
appropriate therapeutic agents. Selection of the 
appropriate agents may be made by those skilled in the 
art, according to conventional pharmaceutical principles. 
The' combination of therapeutic agents may act 
synergistically to effect the treatment or prevention of 
the various disorders described above. Using this 
approach, therapeutic efficacy with lower dosages of each 
agent may be possible, thus reducing the potential for 
adverse side effects. 

Any of the therapeutic methods described above may be 
applied to any subject in need of such therapy, including, 
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for example/ mammals such, as dogs, cats, cows, horses, 
rabbits, monkeys, and most preferably, humans. 

Drug screening 

According to still another aspect of the invention, 
nucleic acid molecules of the invention as well as 
peptides of the invention, particularly any relevant 
purified angiogenic polypeptides or fragments thereof, and 
cells expressing these are useful for screening of 
candidate pharmaceutical compounds in a variety of 
techniques for the treatment of angiogene sis -related 
disorders . 

Still further, it provides the use wherein high 
throughput screening techni<5ues are employed* 

Compounds that can be screened in accordance with the 
invention include, but are not limited to peptides (such 
as soluble peptides), phosphopep tides and small organic or 
inorganic molecules (such as natural product or synthetic 
chemical libraries and peptidomimetics) . 

In one embodiment, a screening assay may include a 
cell-based assay utilising eukaryotic or prokaryotic host 
cells that are stably transformed with recombinant nucleic 
acid molecules expressing the relevant angiogenic 
polypeptide or fragment, in competitive binding assays. 
Binding assays will measure for the formation of complexes 
between the relevant polypeptide or fragments thereof and 
the compound being tested, or will measure the degree to 
which a compound being tested will interfere with the 
formation of a complex between the relevant polypeptide or 
fragment thereof, and its inter actor or ligand. 

Non cell-based assays may also be used for 
identifying compounds that interrupt binding between the 
polypeptides of the invention and their interactors. Such 
assays are known in the art and include for example 
AlphaScreen technology (PerkinElmer Life Sciences, MA, 
USA). This application relies on the use of beads such 
that each interaction partner is bound to a separate bead 
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via an antibody. Interaction of each partner will bring 
the beads into proximity, such that laser excitation 
initiates a number of chemical reactions ultimately 
leading to fluorophores emitting a light signal. Candidate 
compounds that disrupt the binding of the relevant 
angiogenic polypeptide with its interactor will result in 
no light emission enabling identification and isolation of 
the responsible compound. 

High-throughput drug screening techniques may also 
employ methods as described in WO84/03564. Small peptide 
test compounds synthesised on a solid substrate can be 
assayed through relevant angiogenic polypeptide binding 
and washing. The relevant bound angiogenic polypeptide is 
then detected by methods well known in the art. In a 
variation of this techni<jue, purified angiogenic 
polypeptides can be coated directly onto plates to 
identify interacting test compounds . 

An additional method for drug screening involves the 
use of host eukaryotic cell lines which carry mutations in 
any relevant angiogenic gene of the invention. The host 
cell lines are also defective at the polypeptide level. 
Other cell lines may be used where the gene expression of 
the relevant angiogenic gene can be regulated (i.e. over- 
expressed, under-expressed, or switched off). The host 
cell lines or cells are grown in the presence of various 
drug compounds and the rate of growth of the host cells is 
measured to determine if the compound is capable of 
regulating the growth of defective cells. 

The angiogenic polypeptides of the present invention 
may also be used for screening compounds developed as a 
result of combinatorial library technology. This provides 
a way to test a large number of different substances for 
their ability to modulate activity of a polypeptide. The 
use of peptide libraries is preferred (see WO 97/02048) 
with such libraries and their use known in the art. 

A substance identified as a modulator of polypeptide 
function may be peptide or non- peptide in nature. Hon- 
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peptide "small molecules" are often preferred for many in 
vivo pharmaceutical applications. In addition, a mimic or 
mimetic of the substance may be designed for 
pharmaceutical use* The design of mimetics based on a 
known pharmaceutical ly active compound ("lead" compound) 
is a common approach to the development of novel 
pharmaceuticals* This is often desirable where the 
original active compound is difficult or expensive to 
synthesise or where it provides an unsuitable method of 
administration. In the design of a mimetic, particular 
parts of the original active compound that are important 
in determining the target property are identified* These 
parts or residues constituting the active region of the 
compound are known as its pharmacophore. Once found, the 
pharmacophore structure is modelled according to its 
physical properties using data from a range of sources 
including x-ray diffraction data and NMR. A template 
molecule is then selected onto which chemical groups which 
mimic the pharmacophore can be added* The selection can be 
made such that the mimetic is easy to synthesise. is 
likely to be pharmacologically acceptable, does not 
degrade in vivo and retains the biological activity of the 
lead compound . Further optimisation or modification can be 
carried out to select one or more final mimetics useful 
for in vivo or clinical testing* 

Xt is also possible to isolate a target -specific 
antibody and then solve its crystal structure. In 
principle, this approach yields a pharmacophore upon which 
subsequent drug design can be based as described above. It 
may be possible to avoid protein crystallography 
altogether by generating anti-idiotypic antibodies (anti- 
ids) to a functional, pharmacologically active antibody. 
As a mirror image of a mirror image, the binding site of 
the ant i -ids would be expected to be an analogue of the 
original binding site. The anti-id could then be used to 
isolate peptides from chemically or biologically produced 
peptide banks. 
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Another alternative method for drug screening relies 
on structure-based rational drug design. Determination of 
the three dimensional structure of the polypeptides of the 
invention, or the three dimensional structure of the 
protein complexes which may incorporate these polypeptides 
allows for structure-based drug design to v identify 
biologically active lead compounds. 

Three dimensional structural models can be generated 
by a number of applications , some of which include 
experimental models such as x-ray crystallography and NMR 
and/or from in silica studies using information from 
structural databases such as the Protein Databank (PDB) . 
In addition, three dimensional structural models can be 
determined using a number of known protein structure 
prediction techniques based on the primary sequences of 
the polypeptides (e.g. SYBYI* - Tripos Associated, St. 
Louis, MO), de novo protein structure design programs 
(e.g. MODELER - MSI Inc., San Diego, CA, or MOE - Chemical 
Computing Group, Montreal, Canada) or ab initio methods 
(e.g. see US Patent Numbers 5331573 and 5579250). 

Once the three dimensional structure of a polypeptide 
or polypeptide complex has been determined, structure- 
based drug discovery techniques can be employed to design 
biologically-active compounds based on these three 
dimensional structures. Such technicjues are known in the 
art and include examples such as DOCK (University of 
California, San Francisco) or AUTODOCK (Scripps Research 
Institute, La tfolla, California) . A computational docking 
protocol will identify the active site or sites that are 
deemed important for protein activity based on a predicted 
protein model. Molecular databases, such as the Available 
Chemicals Directory (ACD) are then screened for molecules 
that complement the protein model. . 

Using methods such as these, potential clinical drug 
candidates can be identified and computationally ranked in 
order to reduce the time and expense associated with 
typical *wet lab' drug screening methodologies. 
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Compounds identified from the screening methods 
described above form a part of the present invention, as 
do pharmaceutical compositions containing these and a 
pharmaceutically acceptable carrier. 

Pharmaceutical Preparations 

Compounds identified from screening assays as 
indicated above can be administered to a patient at a 
therapeutically effective dose to treat or ameliorate a 
disorder associated with angiogenesis. A therapeutically 
effective dose refers to that amount of the compound 
sufficient to result in amelioration of symptoms of the 
disorder . 

Toxicity and therapeutic efficacy of such compounds 
can be determined by standard pharmaceutical procedures in 
cell cultures or experimental animals* The data obtained 
from these studies can then be used in the formulation of 
a range of dosages for use in humans. 

Pharmaceutical compositions for use in accordance 
with the present invention can be formulated in a 
conventional manner using one or more physiological 
acceptable carriers, excipients or stabilisers which are 
well known. Acceptable carriers, excipients or stabilizers 
are non-toxic at the dosages and concentrations employed, 
and include buffers such as phosphate, citrate, and other 
organic acids; antioxidants including absorbic acid; low 
molecular weight (less than about 10 residues) 
polypeptides; proteins, such as serum albumin, gelatin, or 
immunoglobulins; binding agents including hydrophilic 
polymers such as polyvinylpyrrolidone; amino acids such as 
glycine, glutamine, asparagine, arginine or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugar alcohols such as mannitol or sorbitol; 
salt-forming counterions such as sodium; and/or non-ionic 
surfactants such as Tween, Pluronics or polyethylene 
glycol (PEG) . 
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The formulation of pharmaceutical compositions for 
use in accordance with the present invention will be based 
on the proposed route of administration. Routes of 
administration may include, but are not limited to, 
inhalation, insufflation (either through the mouth or 
nose), oral, buccal, rectal or parental administration. 

Diagnostic and prognostic applications 

Should abnormalities in any one of the angiogenic 
genes of the invention exist, which alter activity and/or 
expression of the gene to give rise to angiogenesis- 
related disorders, the polynucleotides and polypeptides of 
the invention may be used for the diagnosis or prognosis 
of these disorders, or a predisposition to such disorders. 
Examples of such disorders include, but are not limited 
to, cancer, rheumatoid arthritis, diabetic retinopathy, 
psoriasis, cardiovascular diseases such as 

atherosclerosis, ischaemic limb disease and coronary 
artery disease. Diagnosis or prognosis may be used to 
determine the severity, type or stage of the disease state 
in order to initiate an appropriate therapeutic 
int ervent ion • 

In another embodiment of the invention, the 
polynucleotides that may be used for diagnostic or 
prognostic purposes include oligonucleotide sequences, 
genomic DNA and complementary RNA and DNA molecules. The 
polynucleotides may be used to detect and <juantitate gene 
egression in biopsied tissues in which abnormal 
egression or mutations in any one of the angiogenic genes 
may be correlated with disease. Genomic DNA used for the 
diagnosis or prognosis may be obtained from body cells, 
such as those present in the blood, tissue biopsy, 
surgical specimen, or autopsy material. The DNA may be 
isolated and used directly for detection of a specific 
sequence or may be amplified by the polymerase chain 
reaction (PGR) prior to analysis. Similarly, RNA or cDNA 
may also be used, with or without PCR amplification. To 
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detect a specific nucleic acid sequence, direct nucleotide 
sequencing, reverse transcriptase PGR (RT-PCR) , 
hybridisation using specific oligonucleotides, restriction 
enzyme digest and mapping, PCR mapping, RNAse protection, 
and various other methods may be employed. 
Oligonucleotides specific to particular sequences can be 
chemically synthesized and labelled radioactively or 
nonradioactively and hybridised to individual samples 
immobilized on membranes or other solid-supports or in 
solution. The presence, absence or excess expression of 
any one of the angiogenic genes may then be visualized 
using methods such as autoradiography, fluorometry, or 
colorimetry. 

In a particular aspect, the nucleotide sequences of 
the invention may be useful in assays that detect the 
presence of associated disorders, particularly those 
mentioned previously. The nucleotide sequences may be 
labelled by standard methods and added to a fluid or 
tissue sample from a patient under conditions suitable for 
the formation of hybridisation complexes. After a suitable 
incubation period, the sample is washed and the signal is 
quantitated and compared with a standard value. If the 
amount of signal in the patient sample is significantly 
altered in comparison to a control sample then the 
presence of altered levels of nucleotide sequences in the 
sample indicates the presence of the associated disorder. 
Such assays may also be used to evaluate the efficacy of a 
particular therapeutic treatment regimen in animal 
studies, in clinical trials, or to monitor the treatment 
of an individual patient. 

In order to provide a basis for the diagnosis or 
prognosis of an angiogenesis-related disorder associated 
with a mutation in any one of the angiogenic genes of the 
invention, the nucleotide sequence of the relevant gene 
can be compared between normal tissue and diseased tissue 
in order to establish whether the patient expresses a 
mutant gene . 
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In order to provide a basis for the diagnosis of a 
disorder associated with abnormal expression of any one of 
the angiogenic genes of the invention, a normal or 
standard profile for expression is established. This may 
5 be accomplished by combining body fluids or cell extracts 
taken from normal subjects, either animal or human, with a 
sequence, or a fragment thereof, encoding the relevant 
angiogenic gene, under conditions suitable for 
hybridisation or amplification. Standard hybridisation may 

10 be Quantified by comparing the values obtained from normal 
subjects with values from an experiment in which a known 
amount of a substantially purified polynucleotide is used. 
Another method to identify a normal or standard profile 
for expression of any one of the angiogenic genes is 

15 through quant i tat i ve RT-PCR studies. RNA isolated from 
body cells of a normal individual, particularly RNA 
isolated from endothelial cells, is reverse transcribed 
and real-time PCR using oligonucleotides specific for the 
relevant gene is conducted to establish a normal level of 

20 expression of the gene. Standard values obtained in both 
these examples may be compared with values obtained from 
samples from patients who are symptomatic for a disorder. 
Deviation from standard values is used to establish the 
presence of a disorder. 

25 Once the presence of a disorder is established and a 

treatment protocol is initiated, hybridisation assays or 
quantitative RT-PCR studies may be repeated on a regular 
basis to determine if the level of expression in the 
patient begins to approximate that which is observed in 

30 the normal subject. The results obtained from successive 
assays may be used to show the efficacy of treatment over 
a period ranging from several days to months. 

According to a further aspect of the invention there 
is provided the use of an angiogenic polypeptide as 

35 described above in the diagnosis or prognosis of an 
angiogenesis-related disorder associated with any one of 
angiogenic genes of the invention, or a predisposition to 
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such, disorders. 

When a diagnostic or prognostic assay is to be based 
-upon any relevant angiogenic polypeptide , a variety of 
approaches are possible. For example , diagnosis or 
prognosis can be achieved by monitoring differences in the 
electrophoretic mobility of normal and mutant proteins* 
Such an approach will be particularly useful in 
identifying mutants in which charge substitutions are 
present, or in which insertions, deletions or 
substitutions have resulted in a significant change in the 
electrophoretic migration of the resultant protein. 
Alternatively, diagnosis or prognosis may be based upon 
differences in the proteolytic cleavage patterns of normal 
and mutant proteins, differences in molar ratios of the 
various amino acid residues, or by functional assays 
demonstrating altered function of the gene products. 

In another aspect, antibodies that specifically bind 
the relevant angiogenic gene product may be used for the 
diagnosis or prognosis of disorders characterized by 
abnormal expression of the gene, or in assays to monitor 
patients being treated with the relevant angiogenic gene 
or protein or agonists, antagonists, or inhibitors 
thereof. Antibodies useful for diagnostic or prognostic 
purposes may be prepared in the same manner as described 
above for therapeutics. Diagnostic or prognostic assays 
may include methods that utilize the antibody and a label 
to detect the relevant protein in human body fluids or in 
extracts of cells or tissues. The antibodies may be used 
with or without modification, and may be labelled by 
covalent or non-covalent attachment of a reporter 
molecule. 

A variety of protocols for measuring the relevant 
angiogenic polypeptide, including ELISAs, RIAs, and FACS, 
are known in the art and provide a basis for diagnosing 
altered or abnormal levels of expression. Normal or 
standard values for expression are established by 
combining body fluids or cell extracts taken from normal 
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mammalian subjects, preferably human, with antibody to the 
relevant protein under conditions suitable for complex 
formation. The amount of standard complex formation may be 
quant itated by various methods, preferably by photometric 
means. Quantities of protein expressed in subject, 
control, and disease samples from biopsied tissues are 
compared with the standard values. Deviation between 
standard and subject values establishes the parameters for 
diagnosing disease. 

Once an individual has been diagnosed or prognosed 
with a disorder, effective treatments can be initiated, as 
described above. In the treatment of angiogenesis-related 
diseases which are characterised by uncontrolled or 
enhanced angiogenesis, the expanding vasculature needs to 
be inhibited. This would involve inhibiting the relevant 
angiogenic genes or proteins of the invention that promote 
angiogenesis. In addition, treatment may also need to 
stimulate expression or function of the relevant 
angiogenic genes or proteins of the invention whose normal 
role is to inhibit angiogenesis but whose activity is 
reduced or absent in the affected individual. 

In the treatment of angiogenesis-related diseases 
which are characterised by inhibited or decreased 
angiogenesis, approaches which enhance or promote vascular 
expansion are desirable. This may be achieved using 
methods essentially as described above but will involve 
stimulating the expression or function of the relevant 
angiogenic gene or protein whose normal role is to promote 
angiogenesis but whose activity is reduced or absent in 
the affected individual. Alternatively, inhibiting genes 
or proteins that restrict angiogenesis may also be an 
approach to treatment. 

Microarray 

In further embodiments, complete cDNAs, 

oligonucleotides or longer fragments derived from any of 
the polynucleotide sequences described herein may be used 
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as probes in a microarray. The microarray can be used to 
monitor the expression level of large numbers of genes 
simultaneously and to identify genetic variants, 
mutations/ and polymorphisms. This information may be used 
5 to determine gene function, to understand the genetic 
basis of a disorder, to diagnose or prognose a disorder, 
and to develop and monitor the activities of therapeutic 
agents. Microarrays may be prepared, used, and analysed 
using methods known in the art. {For example, see Schena 
10 et al., 1996; Heller et al., 1997). 



Transformed hosts 

The present invention also provides for the 
production of genetically modified (knock-out, knock-in 
15 and transgenic), non-human animal models transformed with 
the nucleic acid molecules of the invention. These animals 
are useful for the study of the function of the relevant 
angiogenic gene, to study the mechanisms of disease as 
related to these genes, for the screening of candidate 
20 pharmaceutical compounds, for the creation of explanted 
mammalian cell cultures which express the protein or 
mutant protein and for the evaluation of potential 
therapeutic interventions • 

Animal species which are suitable for use in the 
25 animal models of the present invention include, but are 
not limited to, rats, mice, hamsters, guinea pigs, 
rabbits, dogs, cats, goats, sheep, pigs, and non-human 
primates such as monkeys and chimpanzees. For initial 
studies, genetically modified mice and rats are highly 
30 desirable due to the relative ease in generating knock-in, 
knock-out or transgenics of these animals, their ease of 
maintenance and their shorter life spans. For certain 
studies, transgenic yeast or invertebrates may be suitable 
and preferred because they allow for rapid screening and 
35 provide for much easier handling. For longer term studies, 
non-human primates may be desired due to their similarity 
with humans . 
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To create an animal model based on any one of the 
angiogenic genes of the invention, several methods can be 
employed. These include generation of a specific mutation 
in a homologous animal gene, insertion of a wild type 
human gene and/or a humanized animal gene by homologous 
recombination, insertion of a mutant (single or multiple) 
human gene as genomic or minigene cDNA constructs using 
wild type or mutant or artificial promoter elements, or 
insertion of artificially modified fragments of the 
endogenous gene by homologous recombination. The 
modifications include insertion of mutant stop codons, the 
deletion of DNA sequences, or the inclusion of 
recombination elements (lox p sites) recognized by enzymes 
such as Cre recombinase. 

To create transgenic mice in order to study gain of 
gene function in vivo, any relevant angiogenic gene can be 
inserted into a mouse germ line using standard techniques 
such as oocyte microinjection. Gain of gene function can 
mean the overexpression of a gene and its protein product, 
or the genetic complementation of a mutation of the gene 
under investigation. For oocyte injection, one or more 
copies of the wild type or mutant gene can be inserted 
into the pronucleus of a just-fertilized mouse oocyte. 
This oocyte is then reimplanted into a pseudo-pregnant 
foster mother. The liveborn mice can then be screened for 
integrants using analysis of tail DNA for the presence of 
the relevant human angiogenic gene sequence. The transgene 
can be either a complete genomic sequence injected as a 
YAC, BAC, PAC or other chromosome DNA fragment, a cDNA 
with either the natural promoter or a heterologous 
promoter, or a minigene containing all of the coding 
region and other elements found to be necessary for 
optimum expression. 

To generate knock-out mice or knock- in mice, gene 
targeting through homologous recombination in mouse 
embryonic stem (BS) cells may be applied. Knock-out mice 
are generated to study loss of gene function in vivo while 
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knock-in mice allow the study of gain of function or to 
study the effect of specific gene mutations. Knock-in mice 
are similar to transgenic mice however the integration 
site and copy number are defined in the former. 
5 For knock-out mouse generation, gene targeting 

vectors can be designed such that they delete (knock-out) 
the protein coding sequence of the relevant angiogenic 
gene in the mouse genome. In contrast, knock- in mice can 
be produced whereby a gene targeting vector containing the 
10 relevant angiogenic gene can integrate into a defined 
genetic locus in the mouse genome. For both applications, 
homologous recombination is catalysed by specific DNA 
repair enzymes that recognise homologous DNA sequences and 
exchange them via double crossover. 
15 Gene targeting vectors axe usually introduced into ES 

cells using electroporation . ES cell integrants are then 
isolated via an antibiotic resistance gene present on the 
targeting vector and are subsequently genotyped to 
identify those ES cell clones in which the gene under 
20 investigation has integrated into the locus of interest. 
The appropriate ES cells are then transmitted through the 
germline to produce a novel mouse strain. 

In instances where gene ablation results in early 
embryonic lethality, conditional gene targeting may be 
25 employed. This allows genes to be deleted in a temporally 
and spatially controlled fashion. As above, appropriate ES 
cells are transmitted through the germline to produce a 
novel mouse strain, however the actual deletion of the 
gene is performed in the adult mouse in a tissue specific 
30 or time controlled manner. Conditional gene targeting is 
most commonly achieved by use of the cre/lox system. The 
enzyme ere is able to recognise the 34 base pair loxP 
sequence such that loxP flanked <or floxed) DNA is 
recognised and excised by ere. Tissue specific ere 
35 expression in transgenic mice enables the generation of 
tissue specific knock-out mice by mating gene targeted 
floxed mice with ere transgenic mice. Knock-out can be 
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conducted in every tissue (Schwenk et al., 1995) using the 
* deleter' mouse or using transgenic mice with an inducible 
ere gene (such , as those with tetracycline inducible ere 
genes) , or knock-out can be tissue specific for example 
through the use of the CD19-cre mouse (Rickert et al., 
1997). 

According to still another aspect of the invention 
there is provided the use of genetically modified non- 
human animals for the screening of candidate 
pharmaceutical compounds. 

It will be clearly understood that, although a number 
of prior art publications are referred to herein, this 
reference does not constitute an admission that any of 
these documents forms part of the common general knowledge 
in the art, in Australia ox in any other country. 
Throughout this specification and the claims, the words 
"comprise", "comprises" and "comprising" are used in a 
non-exclusive sense, except where the context requires 
otherwise. 



Brief Description of the Drawings 

Figure 1. Nucleotide sequence of BN0627 
Figure 2. Nucleotide sequence of BN062B 
Figure 3. Nucleotide sequence of BN0629 
Figure 4. Nucleotide sequence of BNO630 
Figure 5. Nucleotide sequence of BN0631 
Figure 6- Nucleotide sequence of BN0632 
Figure 7. Nucleotide sequence of BN0633 
Figure 8. Nucleotide sequence of BN0634 
Figure 9. Nucleotide sequence of BN0636 
Figure 10. Nucleotide sequence of BN0637 
Figure 11. Nucleotide sequence of BN0638 
Figure 12. Nucleotide sequence of BN0639 
Figure 13. Nucleotide sequence of BNO640 
Figure 14. Nucleotide sequence of BN0641 
Figure 15. Nucleotide sequence of BN0928 
Figure 16- Nucleotide sequence of BN0929 
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Nucleotide sequence of BNO930 
Nucleotide sequence of BN0931 
Nucleotide sequence of BN0932 
Nucleotide sequence of BN0933 
Nucleotide sequence of BN0934 
Nucleotide sequence of BN0935 
Nucleotide sequence of BN0936 
Nucleotide sequence of BN0937 
Nucleotide sequence of BN0938 
Nucleotide sequence of BN0939 
Nucleotide sequence of BNO940 
Nucleotide sequence of BN0941 
Nucleotide sequence of BN0942 
Nucleotide sequence of BN0943 
Nucleotide sequence of BN0944 
Nucleotide sequence of BN0945 
Nucleotide sequence of BN0946 
Nucleotide sequence of BN0947 
Nucleotide sequence of BN0948 
Nucleotide sequence of BN0949 
Nucleotide sequence of BNO950 
Nucleotide sequence of BN0951 
Nucleotide sequence of BN0952 
Nucleotide sequence of BN0953 
Nucleotide sequence of BN0954 
, Nucleotide sequence of BN0955 
, Nucleotide sequence of BN0956 
> Nucleotide sequence of BN0957 
Figure 45. Example of the expression 
selected differentially expressed clones during defined 
time points in the in vitro model of angiogenesis . Time 
points at the defined stages of 0.5 hours, 3 hours, 6 
hours and 24 hours of the in vitro tube formation assay 
were plotted against the log ratio of cy5 (red) and cy3 
(green) dyes used for microarray hybridisations 
example of a clone with peak expression at 



Figure 17* 
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Figure 19. 
Figure 20. 
Figure 21. 
Figure 22. 
Figure 23. 
Figure 24. 
Figure 25. 
Figure 26. 
Figure 27, 
Figure 28. 
Figure 29. 
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Figure 31. 

Figure 32. 

Figure 33. 
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time point; B: example of a clone with peak expression at 
the 3 hour time point. 

Figure 46 ♦ Exaigple of the expression profile of 
selected differentially expressed clones during defined 
time points in the in vitro model of angiogenesis. Time 
points at the defined stages of 0.5 hours, 3 hours, 6 
hours and 24 hours of the in vitro tube formation assay 
were plotted against the log ratio of cy5 (red) and cy3 
(green) dyes used for microarray hybridisations. A: 
example of a clone with peak expression at the 6 hour time 
point; B: example of a clone with peak expression at the 
24 hour time point. 

Modes for Performing the Invention 

Example Is Xn vitro capillary tube formation 

The in vitro model of angiogenesis is essentially as 
described in Gamble et al (1993) . The assay was performed 
in collagen under the stimulation of phorbol myri state 
acetate (PMA) and the anti-integrin (a 2 pi> antibody, 
RMACII. Human umbilical vein endothelial cells (HUVECs) 
were used in all experiments between passages 2 to 4. 

Cells were harvested from bulk cultures (t=0), 
replated onto the collagen gels with stimulation and then 
harvested from the collagen gels at 0.5, 3.0, 6.0 and 24 
hours after commencement of the assay. These time points 
were chosen since major morphological changes occur at 
these stages. Briefly, by 0.5 hours, cells have attached 
to the collagen matrix and have commenced migration into 
the gel. By 3.0 hours, small intracellular vesicles are 
visible. By 6.0 hours, these vesicles are coalescing 
together to form membrane bound vacuoles and the cells in 
the form of short sprouts have invaded the gel. After this 
time, these vacuoles fuse with the plasma membrane, thus 
expanding the intercellular space to generate the lumen 
(Meyer et al., 1997). The formation of these larger 
vacuoles is an essential requirement of lumen formation 
(Gamble et al., 1999). By 24 hours, the overall 
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anastomosing network of capillary tubes has formed and has 
commenced degeneration. 

Example 2: RNA isolation, cDNA synthesis and amplification 

Cells harvested at the specified time points were 
used for the isolation of total RNA using the Trizol 
reagent (Gihco BRL) according to manufacturers conditions. 
SMART (Switching mechanism at 5- end of RNA transcript) 
technology was used to convert small amounts of total RNA 
into enough cDNA to enable cDNA subtraction to be 
performed (see below). This was achieved using the SMART- 
PCR cDNA synthesis kit (Clontech-user manual PT3041-1) 
according to manufacturers recommendations. The SMART— PCR 
cDNA synthesis protocol generated a majority of full 
length cDNAs which were subsequently PCR amplified for 
cDNA subtraction. 

Example 3: Suppression subtractive hybridisation (SSH) 

SSH was performed on SMART amplified cDNA in order to 
enrich for cDNAs that were either up-regulated or down- 
regulated between the cDNA populations defined by the 
selected time-points. This technique also allowed 
"normalisation" of the regulated cDNAs , thereby making low 
abundance cDNAs (i.e. poorly expressed, but important, 
genes) more easily detectable. To do this, the PCR-Select 
cDNA synthesis kit (Clontech-user manual PT3041-1) and 
PCR-Select cDNA subtraction kit (Clontech-user manual 
PT1117-1) were used based on manufacturers conditions. 
These procedures relied on subtractive hybridisation and 
suppression PCR amplification. SSH was performed between 
the following populations: 0-0.5 hours; 0.5 - 3.0 hours; 
3.0 - 6.0 hours; 6.0 - 24 hours. 

Example 4: Differential screening of cDNA clones 

Following SSH, the cDNA fragments were digested with 
EagI and cloned into the compatible unique NotX site in 
pBluescript KS* using standard techniques (Sambrook et al-, 
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1989). This generated forward and reverse subtracted 
libraries for each time period- Initially, the forward 
subtracted libraries were used in subsequent studies to 
identify those clones representing genes that were up- 
regulated in their expression during the in vitro model of 
angiogenesis- To do this, a microarray analysis procedure 
was adopted- 

Microarray slide preparation 

A total of 10,000 clones from the 4 forward 
subtracted libraries (3,200 clones from 0-0.5 hr; 3,000 
clones from 0.5-3 hr; 2,800 clones from 3-5 hr; 1,000 
clones from 6-24 hr) were chosen to construct microarray 
slides- inserts from these clones were amplified using 
standard PCR techni<jues with flanking T3 and T7 
pBluescript vector primers . DNA from each clone was 

spotted in duplicate onto a single microarray slide. 
Appropriate positive and negative controls were also 
incorporated onto the plate. 

Probe labelling 

Human umbilical vein endothelial cells harvested at 
the specified time points (0, 0.5, 3, 6, and 24 hr) were 
used for the isolation of total RNA using the Trizol 
reagent (Gibco BRL) according to manufacturers conditions. 
From each time point, 0-5 ug of total RNA was used as a 
template for the amplif ication of antisense RNA (aRNA) 
using the Ambion MessageAmp™ aRNA Kit. Briefly, total RNA 
was reversed transcribed with a T7 oligo(dT) primer in 
order to synthesize cDNA containing a T7 promoter sequence 
extending from the poly (A) tails of messages generated by 
reverse transcription. The cDNA was converted to a double- 
stranded DNA teiqplate and used for in vitro transcription 
of aRNA, incorporating 5- (3-aminoallyl) -UTP so as to allow 
coupling of fluorescent CyDyes. A typical amplification 
reaction would yield approximately 10 ug of mRNA (>40QX 
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amplification, assuming the initial total RNA contained 
<S% mRNA) . 

Microarray hybridisation 

After coupling of CyDyes, the synthesized aRNA was 
used as a probe (3.0-3.5 ug) for hybridisation to a 
microarray slide. The hybrizatibns performed were as 
follows : 

1. 0 vs 0.5h (6 slides, 3 pye swaps) 
2* 0 vs 3h (4 slides, 2 Dye swaps) 

3, o vs 6h (4 slides, 2 Dye swaps) 

4. 0 vs 24h (4 slides, 2 Dye swaps) 

Multiple slides were hybridized for each time point in 
order to verify the result from any one hybridization. 
Slides were hybridized in chambers for 16 hours, washed, 
and then scanned using the GeneFix 2000 scanner. Those 
clones that were shown to be highly up-regulated were 
chosen for further analysis. 

Example 5: Clone selection 

From analysis of the microarray hybridizations, a 
total of 1,963 clones were identified to be up-regulated 
at specified time points during the in vitro model of 
angiogenesis. Figures 45 and 4 6 provide an example of the 
expression profiles observed during defined time points in 
the in vitro model for a selection of clones. Each of the 
1,963 clones were sequenced and subsequent in silica 
database analysis was used to remove clones containing 
vector sequences only and clones for which poor sequence 
was obtained. Following this, redundancy screens were used 
to group clones according to individual genes that they 
represented. This left a total of 643 genes that were 
found to be up-regulated in their expression during the 
process of angiogenesis • 

Table 1 provides information on the differentially 
expressed genes that were identified. 
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Example 6: Analysis of the angiogenic genes 

Tbe genes identified by this study to be implicated 
in the angiogenesis process, as listed in Table 1, may be 
used for further studies in order to confirm their role in 
angiogenesis in vitro. To do this, full-length coding 
secjuences of the genes can be cloned into suitable 
expression vectors such as retroviruses or adenoviruses in 
both sense and anti-sense orientations and used for 
infection into endothelial cells (ECs) . Retrovirus 
infection gives long-term EC lines expressing the gene of 
interest whereas adenovirus infection gives transient gene 
eacpression. Infected cells can then be subjected to a 
number of EC assays including those which measure 
proliferation and capillary tube formation to confirm the 
role of each gene in angiogenesis. 

Protein interaction studies 

~ The ability of any one of the angiogenic proteins of 
the invention to bind known and unknown proteins can be 
examined- Procedures such as the yeast two-hybrid system 
are used to discover and identify any functional partners. 
The principle behind the yeast two-hybrid procedure is 
that many eukaryotic transcriptional activators, including 
those in yeast, consist of two discrete modular domains. 
The first is a DNA-binding domain that binds to a specific 
promoter se<juence and the second is an activation domain 
that directs the RNA polymerase II complex to transcribe 
the gene downstream of the DNA binding site. Both domains 
are retired for transcriptional activation as neither 
domain can activate transcription on its own. In the yeast 
two-hybrid procedure, the gene of interest or parts 
thereof (BAIT), is cloned in such a way that it is 
expressed as a fusion to a peptide that has a DNA binding 
domain. A second gene, or number of genes, such as those 
from a cDNA library (TARGET), is cloned so that it is 
expressed as a fusion to an activation domain. Interaction 
of the protein of interest with its binding partner brings 

H: UUr»ft\KMp\Spaei\P49146 .doc 28/03/03 



- 41 - 



the DMA-binding peptide together with the activation 
domain and initiates transcription of the reporter genes* 
The first reporter gene will select for yeast cells that 
contain interacting proteins (this reporter is usually a 
5 nutritional gene required for growth on selective media) . 
The second reporter is used for confirmation and while 
being expressed in response to interacting proteins it is 
usually not required for growth* 

The nature of the interacting genes and proteins can 
10 also be studied such that these partners can also be 
targets for drug discovery. 



Structural studies 

Recombinant angiogenic proteins of the invention can 
15 be produced in bacterial, yeast, insect and/or mammalian 
cells and used in crystallographical and NMR studies. 
Together with molecular modeling of the protein, 
structure-driven drug design can be facilitated P 
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Figure 1 



CNTATTTTATNNTTTCCTTTTTAAAAATTAAACT^ 
GCAAAAAGAATTTTAAAAGCCCTTTATTTCAAAATGTTTTC^ 

TAAAAATGATATATTTCATCACAAAAAGAACTGTGAAAAATAAAAATGTCTTAAAATCTG 
TATTACTGCCTAGTCACTCAAAAATTTATGTAACTTACA 

CAAGACAATTTTCCCAAATACTTAAATTTTAAGAGGGCAATCTTCTTGACATC 
ATTGTA 

Figure 2 

AGTACCAATTATTTGCACACTTTGGAAATGTGAATGTTTCAGCA 
TTGGTCATCTAACACCTAGTTATTCATTCAAGAGAAATGTTATTCTGTTGGCACTGA 

AAGGATTAGATACATATTTTATGAAGGTCATCTTTAGAACAATACATAGGCTGAGTTAAGATACTGGATTTGAAT 
TATTGAACATTACTGGGTATCACAAAATAAT^GTAATGCTTCTGGGGGACTTTACTAAAAATACAAATTCTCATT 
TATATTTGTATTTGTATTGTAGTTCAAGGTTGGAACTCAGAAGTO 

ATTGTAAAGGAAAGACAAGTTAAAGTGAACCAACAAATAAAGAGACTGTGGAAAGTATCCCTATGGAATGTAAA^ 

AGGATCTTAAGCGGGACTAATTGTGGAAATGTAAGGATCGAGCTTTGAAATTATTC 

AAATGCTGACTAATCCACAAAATAGGCGTTTACGAGGATAATTCCCAGGTTTGGACTCTGCACTGTTC 

CTCGAACTACTCAAATGGAAAATTCTGATAGGACGCAAT^ACTCAGCGTTAAGCGCGGCCAACCAAACCCTGGAG 

TTCACCCTGGCCTTTCCTGAGATTTAAGGGCGTTTTCGCTGAAACACCTACGTAGCAACTGGGC 

AACGAAAAGGGCCTTTTCAAATCTTGTCGCCCCAAAAGAAACTTGAAACTAC 

ATCATAAAA 

Figure 3 

GGCAGGTACCC TC ATTG AAATAG AGGAT AG AGATTAT AAATT ATTTTTTTC TGTCTTCTTTTT AC CTAGAT AAG A 

ATTTACCACATTTAGTCTGGTAAATAACCATCTGTATGGTCACAGAGAGCCACACAGAAATGAAAAAA 

AAAAAAAAAAAA 

Figure 4 

GGCAGGTACTTGAAGTATATTCTCTTTTTGGATTGCTGTCTAATTTTAATCACAAAATACAG 
AACACCATTTTGCCTACTATGCATTTTGCACTTTAATAGCTGCTACTTCAAAAAACAGAACTAAAGGCCCA 
TTGGAACCATTTCACATTTTACAACTAAGAAGCAATACCAAGAATAAACAAATTCATATAACTCATCAATATGTA 
TTGACTATTTATCTTAATTTTTTTCTTTCTTAAATATCACGATTAAAAAAAAC 

AAGTAGTTATAAGTAGTTCACTAAGAATGACCTCATCACAGGTTTTAGCTGCAACAATATAAAACTAAAGAGGTC 

AAATTTATTCTCCAGGCTGCGACTACTTTTTCTTTTCTTO 

TCCTCACCACCCCTCTTCCTCTAAGTGTAATCAAGCAAGGA7VAATTCCACT 

Figure 5 

TACTTTT ATATCTAT AGG AAT AAACG AAAT AAG AATT AAATTAAG ATT 

TTAGAAATGAACTTAACGAAATAACTGCACATACTATACACTGAAAATTATTTAAAATGCTGAAAGAAATC 

AGCTGAATAAACTGAGATATACTCAATATTCGAATATAGCAATACTGAATATGAAGATCAAAATACCCAACAGAA 

TTTATCTACAGATTCAATGCAAATTCCAATGTAGCTTTTCTTTAATATAAATTGACAAGCTCTTCCTAAA^ 

T ATAAAC ATAT AAAG AAAATC AAAC AC ACAAC AATTCTGAAAAAT AAC AAAATT C AGT AAC TTACAC TCCTGATA 

TAAATTCTTACTACAATGTTACAATAATTAAACAATATAGGA 

Figure 6 

CAGGTACCATCTCTCCAGC^TGTTCCAGCCTTTAT<^GTCAGTCCAGGCTTCTATAACAAAATATC 

ATTGCTTACACAACAGACATTTCTCACAATTGTAGAAGCTGGAAAGTGCAAGATTAAGGTGCTAGC 

TCCTGGTGAGGGTCCTCTTCCGGGCTTGCTGTATCCTCACATAGCAGATAGAGAGAGAAAGAGAGAGAGAGAGAG 

CACTCTATAGACTCTCTTCCTGTTCTTATAAGGACACTAATTCCGTTGATGAGGGCCCTATGCTC 

CTAAACCTAATTAATTCTCAAAGGCCTCACTTCCCAATACTGTCACATTGTGGGGTAGGGCTTTAACATATGAAA 

TTTGAGGGAAAAGGAATGTTCAGTCTAGAACAAAGCCCCATACATTTCAAAAAGCTG 

GGATGGTATT 



Figure 7 

TACTTTTTTTTTTTTTTTTTT 

TCCATATATGAGTCACACATGATGAAATGCTTGATGACTTACTCCTTTTTAAACTAGGTC 

TTTATCTCAGTGCCTAAATTACCATTGCCATATAATAACAGCACTCAAATTAAGAACCGTTTCCA 

ATTTTTAAGAAGCAATATTCZATTTGTTGCTCTACTATGCTTCTTTTTCCATGCAGTA 

Figure 8 

TTTTAAATTTTTGAGGTTATAGAGTTTCGATAAAA^ 

TTCCGGATTCTGCACGAGCTGACATATAAACACGTTACTTATGGATCACTTTGAGAGAGGAAACAC 
GATTTAAATCCCAGAATTTAATCCATTGCTTTATTC 

AGTTGATCTATTGACTTTAAATGTTGAAAACTTATACTAATGTTGCTTAC 

AACATTC AGATTTTCTACAATAACC ACTGACTGGC C CCTTAGCAGCGATTTTAAATGTAAATTTGATGATATTGC 

CCAAACATCCCCAGTCCAGTTCAACTTTCAGATCCTCAAGCCTACCATAGTCCTTTGTGTTTGATA 

TATCCTTAAATGTGGTAGCTCGATGAGCACAGGGACCTGTGTTTTC 

AACATTTTTAAGGTCCATGCATGTTGTAGCATGTATCAGAACTAGACTCCTTTTATG^ 

TGCGTATAGCATATTTATCCATTCAGTTTTCAATGGACACTTGGGGYGTTTCCACCTTTTGGCTCTT 

TGCTGCAATAAATATTGTCATRTAAGTATCTGTTCAAGTTCAAAAAAAAAAAAAAA 

Figure 9 

CGGCCGCCCGGGCAGGTACTTCTTTTTTTTTTTTT 

AGGTAAAAGACTTTTTTGTTTCAACTTCCATAACAAAATACAGAGCTATCAAATACCCCTGGAAAA^ 

ATTATACATATATTTCTATAACATTACATCATATATACATAATATATATGCAAAAATTTGAAGACTTTATAGAAA 

GCGGAACATCTAAAAGGCACTGCACAATGGAGTTAAGATTACTTACATTTTATGTACCT 

Figure 10 

T ACAGAG TCTCTCTC ATC ACTTTCATAGC AGG ACCC TACTTAC CG ATAATTCATAGC AT ACCTC C CCTTATTTT A 

AAACTCTATGATAGCTGATTTCCTAGCTGTAGCAATCAGGATTCTTAGAAAGAATCGAAACTGAAT 

TAAGGAAGCGGATTTCATTAAAAATATTGGATTAGTTTACAGAATCAGTAGTGGAGAACCAGGATTGCATAAAAG 

GTAAGAACCAAGGGAGACTGGTCAAAAGAAATAATTTGCCCAGAAAGTCACCACCAACAATTCTAATAATGGGCA 

CACGATGCTGACAATATTGCTAGATTCCAAAGTCTGTGGAGTTTAATCAGGCAAGAGCTAATGGCTGGCCAAGCC 

TTAGTCATTAGTCACATGCTCCCTCAGTAGCATCTACGATCTTTGGATTCAGTAGCAGAAAATACATACCGCGTT 

ttaagttccatacctttcttttgtcccccaaagaaagcaggtt^^ 

ACACCCAGCAATATTCAAATATTCAATAATGTCATCAAAAATTTCATGATACCCAAAGGTTTTGTGTGTGCATTA 
GCAATGTA 

Figure 11 

GGAGCTCCCCGCGGTGGCGGCCGCCCGGGCAGGTACGCGGGGGCCCTACATAAAAAAGATTATTAAGGCTAGGTG 

TAGTGGCTCAGGTCTGTAATTTTAGCACTTGGGGAGCCAAGGCGAGAAGATCACCTGAGCTCAGGAGTTCC 

ATACTTGGGCAACATAGTGAGACCTTGTCTCTACAAAAAAATTTAAAAAAAAAAAAATC 

TGCCTGTAAGTCCTAGCTACTCAGGAGGCTGAGGTGGGAGGATCACTTGAGCTCAGGGGGTTGAGGCTGCAGTGA 
GCCATGGTTTGTGCCACTGCACTCCAGCCTGGGTGACAATGAGGTTCTGTCTCAAAAAAAAAAAAAAAAAAAA^ 

AAGTACCT 

Figure 12 

GCAGGTACTCTGTTTCTGAGGGTGGGTl u rTTTGTTGTTCCTGTTCTTTTA 

GAACCTAATTTTCTCACTTTTTCAGTTTATTTCTTTGGGACAGTTTT 

ATTTTTTTCATTAAATTCCTTTATCCAGGAATTATGAATAAATCTGGCATT^ 

TCCATGAATAGGAAACAAATGGTAACTTGACATCAGAAAAAAAAATTGAACCCTGTTCATTTTCTCTATCTGAAT 
TTTATTATATTTTATGCTACTTATTTTAAAAATATTACTTATTTTATTGTATTTGGTC 

CTTCTCTGAAAAAATGGTCATCTATTCATAGTTCGTGTTATTCCTCCAGTTAACTAACTGATGCAGCAGTTGATG 
GGAACTTCTCTGTAACACTAGATACATGAGATATTATAATATTTTTTCTTTTTCTTTAGTTGTTGTATAGTCGTC 
TATCTCAGCTAGTAGAATTTAAAGTGAAAGGCATAAAAATCTGAGGTGCAGATATGAAACACAGCAGTTGTTTTA 



Figure 13 



gatgacc^taatcataacttttggaaact^ 

ttttataatctaactatgtcttattgtccaaaataacattaccaaaccctgacatttagt 

agcaataaaattcgatcccagactttaaggagactatgtatgtcagtgttacatctattgcatctaatataggac 

cctagctgtgaaggcctttaagaatagtataattttatggaagc^^ 

TTGACTTTCAGAAACTAAGTCATCACCTTCACGTATAATTAAATCAAAGATGCAAATTCTCACCTAAA^ 
CATACATATTTTAGAAACCCATAGAACTTTAATTTCTTTTTTTCT^ 
TAAGGTAATAAGAAAGATGTCTTAAAGAAAAAACAGAATAACTGTTACTTATC 
TTTACTTAAGGGTA 

Figure 14 

CAGGTACTACTAAAATTTTGTGTTTGAGAGGAAAAAGAGA 

GTAATTG AATACATGTAGTGATGTCTTT AAAGCACCTTC AAG AAAGACCTC TTTC ATTTTGG ATGACAAT AC ATT 

AGGATAAATGAAATATGTGAATATGGTAATTTTCCATAAAAACAAAGGAGACTATGGAGACTGTCTGGTTC 

TTTGGCCATACAAAATATAGAAAATTCAAGTGACCCAGGTTCCACAGTCCCAATTCTGTCAAATTCCGATCCAAC 

AATTTGTAAAATGGATAACATCTGTATACTTCCACTGTATATGAAAAAGAATGAGCAGCTCATAGGGCTACTTAA 

AAAAAAAATGGAAAAAAAA 

Figure 15 

GTTTANGGGGATNMGTTTCTAGAATGGGGCTAGTTGTATCTAGGCAAATGGGTAACTCTTAATTATTGTATGACA 

TTTTTTTCTGTATTTAATGGTTAAGATTTAGAGGAAGGGGCAATATGTO 

ACATTTAGACCTTGAGAAATTGGTATTTATTTATGCCAGTTACCTAT^ 

ATATTTTATTTCACTTGTGGAGATATTCAGAAACATTAAAGTCCTTGGTCCTCATGAGAAAAGAATTTTCTTGAG 
ACTTGAAAGCATTACTGCAGACATTTTGCTAACACATTTT^ 

TCAGAAGTTTTGCTGATTTAAATCAGATCCCAGCTAACCCAAGCGGGGCTGCACTGAACGCCACATCTCTATTGC 

CCAGATTTCCCAGGGGACTCTGGAAATTAACCAGAAGCCCTCCTGCTCGAAGACCAACTCTTGAGGCGTATATGA 

TTTGCATAGAGGTTCCAATGTGCCAAGTTCTTAGAAGTTTCTGGGAGCCATACAGATGATTACTATTCCAAATG 

TCTCATCTTGGGTTCCACCCTTTTTATTCAATGAGATTTGACTTTTCTACTTTTTCACTCCCATCTTCACCACAC 

CAAAATTCATATCCAACAGTCATTGTGTATATTATGAAAGTTGGTCTCAATTTAGTCAAACCTGGGTTTCAGGGG 

ATATAGCTCAC ATAAAAAGG AATGGGAGGTATC ATT ATATGG AAAT AC CTGCTGTGTGC C AGAG C ATCC TTT AAG 

GATTTTGTTTTCTGTTGATATTTTTCAAACCCTCCACTTTACAGAAGAGGAAAGTCAGGCCC^ 

AAATGACTTTCAGGCAAACAAGGTC^CATGGAAAATAGGGATTCCT^ 

TCATGCTCAAAAACTCTCCCGGAAATCAAATGAAGCCCCTGCTGAAGGGG 

AAGCCAAACCCTATTTGTC 

Figure 16 

ATATTTAAAAAGTAAAACAAACTATTTGGAAAAAAATGACAGTAAAAACAATAGGAAAGCTTC 

TTACTATCAAAATCACTACCTTAAAGTAATTTACTACTTTTAAAATAAAGAATAAAATTAAATAATTCGGC 

AAATAATAAGGTTAGAAAGCTGCAACTATTCTATATGGAAAAGGATAGAAAAGAAAAAGAAAAACAATGAATACA 

ATTAGTAAATCCAAAAGGAGGATGATGATAACTGTTGCAACCTGGGGAGTGGGAAAAATGTGACTCTTTATAACA 

AAAACTCTACTTTTGTGCCTGATGAACACTTCATAAACAAATTTAAAATATATAGATAAATCCAATGATCAGTCC 

CTTAAAAGGGCAAATGTAAAGTA 

Figure 17 



TAAAGCCCAGATTTTCTTTATTGGAAGTTTTAAACTACT^ 

TTTTCTACTTCTTTTGGAGTCAGTTTTGGTAATTAGTATCTTTCAAAGAATO 

AATTGGTTGTTGTAAACTTGTTCATAATATTCCTTTATCTTTTTAGTATTTATAGTATCTG 

CTTTCATTCTCAGTATTTCTAATTTACATCCCTTCTTGTTCAT^ 

ACCAGCTTTTGATTTCCTTGATTTCTGTTCTGATCTTTATTACTCCCTT 

Figure 18 

CGGGCAGGTACTATTATATAGTTGCAAAAAC TAAAAAAAAAAAAAAAAAAAAAAAA 



Figure 19 

GGCGGCCCCCGGGGCGGTACCACGCTCCCGACTGTTCGAGGTACGCTCTGCTCTCTCAGTAGCCAAACAGATAAC 
AGCCAGTACGTTGTTATCCGTATTTTCGTTCGTTGTTTTAACCTCAGTAGCACATTTGGACCTTGGG 
TATCTTTGTCTTTATAATAAACTCATGCACTTGCTTCTAAGATTGATACTTGGAGCTTC 
AAATGTAACTTACATATGCTTTCTAGATTTTGCACTTCTTC 

AATTTAATTAGTTCAAACATTTATTGAAGAAGAACTATGCAGTAiGGCTCCCAGGATC 
CCTTCAAAAG 

Figure 20 

GGTACTTTTTTTTTTTTTTTTTTTTTTCTATAAAATCATC 
AATAACACTTGAAGTGTTTTTACTTGGTCAATTATGGATAAAT 

GAGGCTGTGAATTGTTGGAAAAAGTCCAAAACTGCAATTATTTGATCCACTATTAACTCCTTAGTC 
GACTTCCATATCAACATGTAACATATGGGGTATTCTAAGCCCTTTGCACGCCCAATTCAGGAAATCCAACTGCTG 
ATAGGACTCCCCCTCCTCCCTATCCCATTTCCCCCTACTCTTAGCAAAACTGCCTCTTTCCCAAACTC 
ATCCACCTCAAAAATGTTGTCCTTTATTTTCCTTTCCTCCTATCTCAAAAA 

TAGTTCCTATATCTGTGCTACTGATAGCCCCTCTTGCTTT^ ' 

TCTACCCTTCTTCTTTCACAAGTGCTCAAAAGTAAACAGATGAACAGACAAATCGGTCGCTAAGTT^ 

TGCCTGCCAGAAACTCTCATGCACTTATTCTTCTGCATTTO 

CCTCCCTCAAAAAGTAACCAAACATTTCTGTATAGCCAATCTAATCCTCCAACAAACATCTTAATCA 
ATGTATTCAAAATTCATCCACAAGCCCATCATAGAATTCAAAC 

ATCCGGCTCTGATCAACCTATCTCATAAAATCATACTGCATTGCTATCTATTATCTTTTATCrrA 

C AAT AAAATATAATCTAC AAATTTC AGTAAAAT AC AATCC AAAAAATCCCTCCCTTTTCC CT AC T ACCTTAATTT 

CTCCGTCCTTTATTGAAAAAAGTGCCCTTTAAACTGAAA 

Figure 21 

ACATAGAAGGGAAAAATGGCTTGCTTATTTCAAATAGTTTTGAGGATGAAGCACTATGATGGAGATCCACTC 

TAAAAAGGATCCTCAGCTTTTTTGATTCAGAAATGAAATATTGATC 

GAAAATATCCTGATAATCAATGGGAAGTAGAATTACAGCTTATTGTGAGAGTCAGGG 

Figure 22 

TTTTTTTTTTTTTTTTTTTAAAGT^ 

CAAGTTGGAAAACCATTGCTATAGATAAACATTCGATTTCATTCT^ 

ATATTCAATATATGTATCAGTCATATATATATTCATTAAAATGTTAACACCCAAGTATTTAGATTAAATGCTC 
ATTTGGCTTATAAATTAACAGTA 

Figure 23 

CGCCCGGGCAGGTACAGATATGTAAATATTCCAAAATCCAGAAAAAAAATCCAAAATCTGATATATTTCTGGTCC 

CGGGCATTTCAGATAAGGGATACCCAACATGTGTTTGTAACTTTCAATACTAATC 

TTACATTAGGTGCCTAAAACTCTTGATTTTACACCAAAAAG 

TGGCATCAGAGTCACTCTGGAGCAACAGGAAGCTAACTCTGTATATCAACCATAATAGCCTTATTACTCCCAGAA 

GGACATAGTTAGAAGCATTTCTGGTTACTCTTCATATTAAAATCTTTGGTGTTTTGGCTTCAATACACTC 

ATGGGTGTTATOATTCCATTGTAATGAAATAATATTCCA 

TTAAATTCTATATAGATACTTGGGTTGGTCAAATTAATTTC 

TAATCTTTCATAGGAATCTAGAAAAGCACACAATTTAATTACCACTACTATTC 

AGGTTTAAAACAATAGAAAGAAATAAAACTTTAGCCCCCTATTGCTAGATGTTCTGGCCCATGAGAGAGGCAGGG 

CAACTTAAGAGCTTTGGAGGCAGACAGGGCAAGACTGTAAATCTTGGAGCAACAATTTATTC 

GGAAAGGTATCATTATTTTTCTCTACCTCAGTTCACTAGGTGGAAAAATGGAATAACAG 

TGTTGATTATTACAAAAACTAACGATTCAAAAAGCTAATATAAATAAAGCATCATGTTATO 

AAATAAATCTTAATGAAAAGCATCAACTTTTAGCTTTATCCATAAAAAATACCAGACAAAACAAA 

TAAAAATCAAAAAAACTTCCTAATCCTGAAAAAGTAAAATTAATTATG 

CCAAAAC 



Figure 24 

TACTTCTGTCTTCCAGTTTTCCACTTCAAAC 

CTTTCCATTTTCGTCTGCGTTTAGTAAATGCGTTAACTAGGCTTTAAATGACGCAATTCTCCCTC 

TTCAAGGTCTTTTAATCACCTTCGGTTTAATCTCTTTTTAAAAGATCGCC 

CTTTTAAACTAAACTTYTAAGCTGTTTAAGTC 

TTCGGGGCTCTGTAGTCCTTTCTCTCAATTTTC 

CCTCCGTCATGTTTTAGAAACCTTTTATCTTTTCC 

AAATCTTAAGCTATTAAAATTACGTTAAAAACTTAACGCTAAGCAATATCTTAGTAACCTATTC 

TAAGTAGTTGTATTAATCTCTATCTTTCAAAGAGAAAAAAACTTATCTGCGGTTTCCTCAAGCTC 

CTCAGCAGAAGCCCCTGCGCTGGCTGCCTCAATGCCTCC 

Figure 25 

TCACTTAAATATAATAATGATGTTATTAATAAACGTTAGCTTGA 
TTTTGGTGGTGGTAGATTTCACCCACATATTTTATC^ 

COTTGAGCAGGTAGCACTGGTCACTATGCACAGATTAGTATGATTACTGAGCTTTGAGCAGCTTGAACAGATCAC 

TATGATATAGGCTCTGGAAAGGTTGTGCAGATATGCCTGATGCCAAGGCACTGGCAAAATTGTTGGTAGGCTGGC 

AAGTTAGTTCCTTCTCAAGGAAAAAAAAGTGTGAATGATCCTATAGGTTACTAGACAGACATGCAGTTTCC 

GGAGAAGGTTGACTTTGGACTTTGAGAAATACATTTTTTTTCTTTTAATC 

TCCAATTTTTGTTTACCTATTCTGAACTATAAGGCACATTGCTTTO 

GTAAAGGAGGTCTATTTTAATCAGTGAGAGCTTCAGGTAGCTGGAGGAATGCTTCAGGAAAC^ 
AAAAAATTGTTGAATCTTAAGCTGCATGTTGTGGAAAAGAACTGTA 

Figure 26 

AGGTACTTTTTTTTTTTTTTTTTTTTC 

GATGTGTATAGTTTTACAAAATCAAATAGTAATAGAAACAAAATAGCATC 

CCCTGGTCTTATACAGTCATAAAAAGTCACAAGAAACCACGTACAAATTGTTAAGCCATTTCTT 
CTTCCAATTCCTAAGGAGTATGCATGTGCTGTTATTTATTTTAAACATTATCTTTT^ 
ATGTTATCTAACTCAAGTGCACTTTGCTCTCCCTCCCCCATTCCCCTC 
TTC ACATTATTATTTGTG TCATAT AGATACTG TTC AC ATGAG 

Figure 27 

C AGG TANC ACTTGAAGTCAAAATG CAATC AC AGTTCTTTTGATCTTTTTAATC AGTTTC TCCATTG GAC ATTTTT 
CTTGCATTGCCTCAGTAACAGAATAGAGGAGATATATTTTGATGTTACTTTTCTCTTGTCACTTTTG 
TGTTGAAGAGATGCCACCATCAGTTGGATATATAAAAGAAATAGCCAAATAAAGAGATAATCTGTCTCTCCCATC 
AGC CC C TG AAC AATTG ATAGT GG AAAAT AATG T AAT AC AATTT AT AATGTTC AAG AT AAAA GCTT ATTG AT AATT 
TTTTATCAATAACCATCAAGGATGATGTAATTACAAAACTCAAGATGATTTGACAG 

ATCTAAATATTCAGACTGAATAAACTTCAAATTAGTTAAGTGGATTCATTTGATAGATGCTTTATTTTACTCATT 
AGCCAATAAAACTCTTAAGAGTTTTCTTAAGGTCTTAGGACAGACAGATTTATGCTTCAGTGACAAAM 
ATTT/yVTCAGTTACACAAGGAGAAAGTATGTGTGTATGTGTGTGTATACACATAACCAGATATTCTCCTAAGTTT 
TTCAAAATAATAAAAACAGATATTTTGGGATTCAT 

Figure 28 

GTACTTTTTGTAACATACCTGTGATGCTGCTCCAACATCCCTGCTAAGAGCTTTGCTGATTTTAACAAG 
ATTCCACTGCTGTAAGCCAAGGGTAAACTTGATTCCACCAAATTTGCTTAAGTCTTACTTC 

TCAAGTTCACTCACTGTCTAACCAATGATACACAGCTACCTGAAGACATTAAAATCTTTCATAAATTTATTCTCA 
ATTTTTTTCTTCTTATAAATTACTAGCATATCAGGATAAAGAATAAAGTGTGTGAAGAGGCAAAAT 

Figure 29 

AGAACTCTANTTTGGAGGGTAACAAAATTTCAGGGACATATAAAAGAAGTTGCTTATTTAT^ 

TGACCCAGCAAATATGCCATGGCTATTAAAAATAGATTGTCCAGGGAGGAAGAATAAACCACTAATTAAACACTT 
TTGTTTC TCTTTTTTTTAAG CCATTAATACTG AT AC CTAG AG AG AAAAAT AAAAAC CAG AAATAC TTTC AAAAGC 
CAAGCATGATAGACTAGCATTTATCAGTTACCTTTTTATTTTCAATCCTCAAGAAATGCAATCGCCCAAATAAAT 
TTTAAGTATACCAAAACACTAAGAAATTACAAAACTCAATAGCAA7LATAACTCACGTGTTACAACCATAATTACT 



TCTATAACTAGAAAATTATTATCCTCATAGGAAATCCTGGCAA^ 

TAGGAGGGAAAAAAAATAAAACTTCAGAGTCCAGTCACTTTGAAGTCC 

CAATTGTCTACATGCGAATAATTTCAAATGTCTTTC 

TCTTCTCrcCCTATCCCATTTTCATTTTCACAGCTGTTTCTG 

GCCTCTCCATGCTCCACTTTTTACAAGTCTTTGTCTGATTTACTACAGAGA^ 

ATGGCAAGCGAAAGTAGGAGAGAAGAGTGTGCTTTTGCGCTCAGAAGCCACCA 

TGTCATGCCATGATGACATTCTGCCTTGTGTCAGAATGATTAAT^ 

ATGCAACCAAGTCGATGGAATCTGACCAATTTTGCACAGCATGGGTCAGTGGAGTGCTATTATTTTQ 
AATGAGAACCAAAAAGGAATTATTTTTCCATTTAGCACCTA^ 

TTTCCAACCTAAAAAAAAAAAAAAGAAAATTTTTCAAAAAAAAAAAAATTTT 



Figure 30 

TACTGTCTTAGTCTGTTTGTGCTGCTATCACAAAATACCAG 
TCTCATGGTTCTGGAGGCTGGAAAGTCCAAAATAAAGATC^ 
CTTCCAAAATGGCATTGTGTTGCTACATCCTTCAGCAGGGACTAATC 

AAAGGGAGAAGGGCCTAGCCTTAGTTCCCTTGAATCCTTTTATAGGGGCACTAATCCATTCACAAGGGTTCCACC 

CTCATGACCTAATCACCTCCCAAAGGCCCTACATCTTAATATCATCACATTGGCAAATAACTTTC 

TTTTGTGGGGATGCATTCAGACCATAGAAGATGCTCTTTGTTTCCCT 

CCTCAAATTCCTTCTCTTGATAGATCTCCTTTTGGAATTACCTATTCTGAAAATC 

CTATGACTTTTACATCTGTATCTCTCATC 

CACTGTCAGCAGAAACTCAACATTTGTAAGGCAGGACTCTTCAATTTTTCCTCATTTTC 
TTAATTGTCAAGGACATACTTTTTAGGTGTCCAGAT^ 

AATCCCCACTTATCCCCTCAGTGACTTAATCTTGGAAATCATTATGATCATTTTCATAAATGTCCTTTTAT 
AAAATGATTTTG AAGATTTTTTTTCCATAAAAACC TTTTTTTTTTCTGGC 



Figure 31 

CGGTGGCATTGCACTCGTTCGTTGTTAGATATGGAAAACCAATT 

CCTTGCTATAAATTAGTTCCAGGATTTTTTTTTTTTTTTTTGGTTGGTTCCTC 

ATGTATCGTCACTTGTGAAAGAAAAACACAATGTTATTACTTC^ 

ATAGTGAAAAGAATATAGCTACCACAGCTAGTCTCTCACATGACAGATAAGATGAATGGATAGCGCATCAATGGT 
TGACAACTTCTCTAAAGTAAATACGCGCTGGCTGTCTCTTTTCAAGATTAACACAAGATATGTGTCAAACCTACA 
AACAAGAGGACGCTTATTCCCTCGCCTCTACAGTTATTGAATACCTGGAGCTGCACGACTl^TATATCAAAC'rTA 
CAGACCCCGTCTACCTCTAGGGAGGAGCACCGGACTCGCTCAAGACATCGTATGAAAGAGTCTCTATAACCCGCT 
GCTCTATTCGTCGTCCCAGAGTGACCGTCCCAGCCCTAGCTACATCTGTGGAAATACCCGAGTTAATACCCCTTA 
GCAGGTTATCCCCCGTTCGATCAACAAGTTGTGATAGCCCAAAAAAGCGCCCGACACAAAATCAACCTTAGCCTA 
ACTATTAGAAACAAACGACCAACCGCCCAGGTGCACGGTAACCATGAACCCCACCGCTATCACCCTCCCGCTTTG 
ACGCGGTGCACAACCGCCCCCCGCGCTCCACCAACTACCCCTTATTCTGGGAACCACCTCTCGCCCCGCTCCTCT 
TTCCATTACCCCCATTACAATTGTCCCGGTTCCCTCCACGCCCTACTTATCCACCTACCAAAAGCCCCTAAACTT 
CCGA7^CGCCTCTCTTCCCACCAGTTCCACAAATATATTTCAATTTATCACCGGGACAACCACCCCCCCACAAAA 
ATCTTTATTCACCGGCCTCTGGGATTTACCTGATATTGCGCT^ 

TCCTATCGCGCAGGATTGCTATGCCCCCCCTACCTACTTGAAAGAAATCGAATCTAAGGTTTGTCTACAACCTTA 
CCCACCACTCCCCACTCCAAGCAGCCACATATCTTGTCCACATTTATTTTTTCTAATCCTCAGTAATGGAAACCG 
CTOCCGCTCATATCACCCAACCTACACTGTCTCGGTTTGAGCGCT^ ■ 

Rgure 32 

GGGGAGCTCCCCGCGGTGGCGGCCGCCCGTGGCATGTACACTGTAAAGTGACAAAACATGACTGAAAGAAATTTT 

TAAGAAGCTAATAAAAAAGGGCGGACAGCCCATCTTCATGGATTGGGAAGACTTAATACTGTTAAGATGGCAATA 

CTTCTCACCTTAGTCTATAGATTCAATGCAACCCACATCCCACTTTCCTTTACTGCAGAAATTGACAAGCTGATC 

CAAAAAATTGTAAGGAAATGGCAAGGGATCCATAATAGACAAAACAATTTTGAAAAAGAATAAAATCAAAGGGCT 

TTGTAACACTAAGGTTATAAAACTCTTATAAGAAAATAAAGGAGGAAATCTTTGTGACCTTATCTCAGGCAAATA 

GTTTCTTTGATATGACATCAAAAGCATACGTAATAAAAGAAAAAAATAGAGATATTC 

AACTTTTGCATTTCAACTATCAAAAAAAAAAAAAAAAAAAAAAAAGTACCT 



Figure 33 



CCATAGATAGAAATATTAATACCCATGAAAGAGAGGACAATGAAAGGTTTGTATCATTTGTATGTCACAAGTCAA 
CTTTTTTCAATCACTCATTATTAGTTTAACT 

AACATATTTCCTTCGCGTAGAAAAGCAAACCTCCAGTTCTCTGTTC 

CAGCTATCAAACAGTAAAGCTCACAAAACACTTACT^ 

TGGTGAGATGTGGAGCAACAAGAACTTTCATTCATTC^^ 

Figure 34 

CGGCCGAGGGTCAGGGCCAAAACTGGGAACCAAGGATTTAATAACTATTATGATCAAGGATATGGAAATTACAAT 

AGTGCCTATGGTGGTGATCAAAACTATAGTGGCTATCGGCGGATATGATTATACTGGGTATAACTATGGGAACTA 

TGGATATGGACAGGGATATGCAGACTACAGTGGCCAACAGAGCACTTATGGCAAGGCATCTCGAGGGGGTGGCAA 

TCACCAAAACAATTACCAGCCATACTAAAGGAGAACATTGGAGAAAACAGGAGGAGATGTTAAAGTAACCCATCT 

TGCAGGACGACATTGAAGATTGGTCTTCTGTTGATCTAAGATGATTATTTTC 

ACACCATTGTGTCCAACTGTATATAGCTGCCAATTAGTTTTCTTT^ 

ATGACTCAATGTGGATTTGTTTATACAC^TTTTATTTGTATCATTTCATG 

ATGTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGTACCTGCCCGGG 

Figure 35 

GGGAAAGAAAGGGGGAGCGCCGGCCGGGGGGCGGCCGCCCGGGGGCAAGTACTCTAGAAGTGAGCATTAGCGTGT 
GTGTTATTGTTCGTCGAATTCACATCGCAAGTTACAACATGTGCTCTATCAACACGATTTAAAGAAATATGGGGT 
TGGAAATTAAAAATGTGCTATTTCAAAAAACAAATCTCAAC^ 
GAATAAGCACGCACCAGAAAGAAACGAATTCATAAAACTGATCAAT 

ATTTCGTAATATCACG ATTAAAAAAAACATTG AG AG C ATTTATAAGAACTAAGATGTT ATAAGTAATTC ACC CGG 
AATG AC CGTCCTCAC AGGTC GC AG CTGCAACACTCT ATAACT AAGGAGG ACAAATTT ATTCGCCAGGC TGC AACT 
ACTCGTGCGTTTCTTTATCCTTGAAGCATAGCTAACTTTGATTATAACCCTTCCTCACAACGCCTCTTC 
GTGTAC A C AAAC AAGG AAAATTCC ACTTTG AAGTATCT 



Figure 36 

GCGCGCGGCGGGGAGGCACAGCCTGTTTAACTCGTTAATGCTGCATCAGTGATAGATATTTCGCGAAGCGGGAAT 
ACACAATGTGTCCAGGGTGGTGCTCTTTTGTGTTGTTTGTATGGTTCAGAGGGGAGGGTGGCTATATCCTTGCGA 
GCTAAGGAGATGCTCAGGCTTACACACTACCTGGTGTCCAGCGAATGACTCATCTTACAGCATCACGAATATGTT 
GGCGTACACCAATACCTTATCCACCCGTTCTGACTGCCTTAAATGGGTATTACAGGAGAAGACTTTGATCCATCG 
CATCCrTOAACGTCATCATTGGTGAGAGGACAACCGTCCTTGTACTATGACCATCTTCTAA^ 

ACCAGAGGAAGATCGGCTGACATCGTGTATCTGCGTGCCTATGCGTTTCCGCTGTAGCTCCTTAGCCCTGTGGAC 
ACAGTATTTGGACTGCCTGTTAAGTTACGTAGGCACTGCTTGACGGGTTCTCCCACACGAAGATCCTCACGTTGA 
CACAGATTTCCTGTTCATCTTATGTGTCTGGTCAACTTGTTGCCCCGGCC 

TTC AC AATAGTACCG TTCCCTAAC AGAATTCC TC ACGAACTGTTACC AGTC TAC AGG AAAAGC CATT ACCCTG AC 

TCTCTGACTTTGCCACACTCAAGATCCCCTGCTCTACGACAAGGGAAGCAGACGTCAGCACCTATAGTTTACACG 

TTTGATTCTTTCTTGTTACTTTGACGGTCATACAGTGTTATGCGGAAAGTATCACAAACTAACCGAACG 

AGCAGACATCCTCCGCAAATCGAAACCGCTCCCCATTCGAGTTGACATGTACACCAACCTCTCTTCCCTGTCTAT 

GCCTATATTATGTCAGCAGAATTCTOTAAAAAAATTAGTCAGTTTGCCTCCGCTTTCGGTTGGACTCTCGCACCC 

AAAGCGTACCGAACCCTTAACCCTCCAGATGCCCCCGCGTGTCTCCACTTGTCTCCAATCCTGAGGGCTCCGCCC 

CCTACCCTTTCCTCTATCGCAAACCCCCTTATCCTCATTGACGGCGCTTTTAATCCACTATGTGGCCCCCCCCGT 

CCCTCGCTTGAAATCACCGGCTTTCATCCCCCTATCCCATTCCCCCACACCCTTCATGGTGCTGGGTCCCCCCGA 

CCCCCTTTTCTCCACTCATAGGCCAGACACCTCATCTATCTACGAATAACCCCGCCGCCCCCTCCTCATTTTTAT 
AATAA 



Figure 37 

NNNNNNIWCCCCCGC^ 

AGTTTGAAGGTATTATGTTANTTTAATTATGA 

GGTTTAGATAGTAAAGATAGAAAAAGAATAAAAAAAATATTGATTGGATA 

GATGAAGATCTATATAGAGTGTGATTGGTAGGGTTGTGGAGTATGAGTTGATGATTATGG 

AGTTGGTGGAGTATTATTGAATTTGGTATTAAAAGTAATC 

ATGGTTGGGGCGTCTCACGGGGGTGAGTCAACTTACCCTATTAGACGTTTATACTCTCTATCACATCTGGGCGTC 
ATGACAACAAATAGCCGCCGCTATTCCCAAGTCCCTCAACTGGGTGGCGTGATACGCGCCCGGGACCCCCCCTTT 



AACAGTCGTTTGCCCGCGGGAGTGTTGTATGCTTCCCCCTTGACGCCAGTGCAAAAACCTAGATCCTAGGCCCCT 
AACGCAATTATTATGACACTATCTCACACCATGGGCATGC^ 

TCCCCTGTGTTGCGACCAATATTGTTTTTTAGGCCAGAGCCT^ 

AGCATACGCCATCCCCTCTCCTAATAGTAGCATTAACTGCAACGAAGACATCCTACACGTCCCTGTTATACATCA 
TTCCACACAAATTTTCGTCCCCCAACTACCTATGATTTC 

AGGAGTAATACCACCCGTACAACGTCACAAGAATGGCTAATTTCTAAAACATGCGATAGCCTGCGATAGACTAGA 

ATACACAATTCATCTACAAAAAAAATCTGACCCAATGAAATTAATAAACACAATAATGACAATACCACATTGCCC 
TACACACCAGCTACAAAACCATTC 

Figure 38 

CGGCCGAGGTACATTCACTTAAATATAATAATGA^ 

GGCATTCTTTTCTCTTTTGGTGGAGGTAGATTTCACCCACATATTTTATGCATCTATAACAAGTC 

GGCTGATTACTGAGCTTTGAGCAGGTAGCACTGGTCACTATGCACAGATTAGTATGATTACTGAGCTTTGAGCAG 

CTTGAACAGATCACTATGATATAGGCTCTGGAAAGGTTGTGCAGATATGCCTGATGCCAAGGCACTGGCAAAAOT 

GTTGGTAGGCTGGCAAGTTAGTTCCTTCTCAAGGAAAAAAAAGTGTGAATGATCCTATAGGTTACTAGA(^ 

TGCAGTTTCCCTTTCGAGAAGGTTGACTTTGGACTTTGAGAAATACAT^ 

GAAAATAATAGATGTCCAATTTTTGTTTACCTATTCT^ 

GTTTACCCCTTTTAGTAAAGGAGGTCTATTTTAATCAGTGAGAGCTTCAGGTAGCTGGAGGAATGCTTCAGGAAA 
CACAAAACACAATGAAAAAATTGTTGAATCTTAAGCTGCATGTTGTGGAAAAGAACTGTA 

Figure 39 

GCAGGTACGCTGTAACCTCATCTACTTCTGATGTTTTTAAAAAATGACTTTTAACAAGGAGAGGGAA 
CACTAAATTTTGCTTTGTTTCCTTGAAGAATGTGGCAACACTGTT^ 

C AGTTTTG ATAAAGGGC AGTAACAAG TATTGGGGCCT ATTTTTTTTTTTTCC AC AAGGC ATTC TCT AAAGCT ATG 
TGAAATTTTCTCTGCA 



Figure 40 

G AGGTAC NNTGATGTCTGAGTAAGT AAAAAAAAAAATTG C TTAC AGAAG TG ACC AG AT ATTT ATATAT AAAAC AA 

CTGCTGTGTTTCATATCTGCACCTCAGATTTTTATACCTTTCACTTTAAATTCTACTAGCTGAGATAGACGACTA 

TACAACAACTAAAGAAAAAGAAAAAATATTATAATATCTCATGTATCTAGTGTTACAGAGAAGTTCCCATCAACT 

GCTGCATCAGTTAGTTAACTGGAGGAATAACACGAACTATGAATAGATCACCATTTTTTCAGAGAAGTAGAATAA 

AATAAAATTCACCAAATACAATAAAATAAGTAATATTTTTAAAATAAGTAGCATAAAATATAATAAAATTCAGAT 

AGAGAAAATGAACAGGGTTCAATTTTTTTTCTGATGTC 

ACTAAACTTTTTGATAATGCCAGATTTATTCATAATTC 

AGTATATrTCTAAGGCCATAAAACTGTCCCAAAGAAATAAACTGAAAAAGTGAGAAAATTAGGT^ 
TATGTATATAAAAGAGTAAAAGAACAGGAACAACAAAAAACCCACCCTCAGAAACAGAGTA 

Figure 41 

CGCGGTGGCGGCCGCCGGGCAGGTNACGCGGGGGCCGCATAGGCAAGCACCGGAA 

Figure 42 

AACCTGACGACTCTTCTTCTTGTAATGGCTGCCCTTTTCCTACCTGAGGCCGTCTTAGAGAAAGGGGCCA 

CTCTAATGCTCAGATTTCCCATAGTTGGCTTTTGCTGTGTCTCCTGCCTCAGGCAGTGTCATTTCTGGGAGCAGG 

TGGTTGTAGTCCAGGCCCCTCCCCAGCAGGGTCTCCCCAGGCTCCTTCGAGCCCCTTTCCCCGCCTCCTCTCAGC 

CTGTCCGGATGACAGTGTTCGCCTCCTGTTTAGACTGTACACTCTTCAGGGGTAGGGGTGCCGTCAGTTCTTCAA 

TCAGCTGGCACACACTTGTATAGTGAAATGTTTACATGTGGGAAAACTCCGCCTTAGACAAACT^ 

Figure 43 

GGCCGAGGTACCTTGCATK3CAGTGGACACTCAGTATTTGCTGAA 

TTTTTTAAGTGCCTCTAATACACATATCATTCTAGGGCTCATGCCACTTTTAATGTC 

TTATCTATGATATTTTCCCTTATAAGAGATAGTTGTTTTGAGTAGGGTOT 

TTTTTTAAAGCCTAAATATCAAATTCCTTTCCCTTTGGAGTTGGGGGAAGGAATC 



TTCATATGAGTTGGTCATAGCATGTAAGAACCAATCTTG 
CTAGAAATACTTTGTA 



Rgure 44 

AGGTACCGGCTGCGTGGCAGGTCTGGGTGTTGTGTGCGAGGACGTGGCCT 

TCTGAAATACGTCAGTGAAGTAAGTAGCAGTGAGCGATTG^ 
CGTGTTAAGTTATTCACTAGGGAGCCAGTCGTAGTTCTTTGTAATCCTCTT^ 

GTTGCAGAAAAGGAAGTGTGTGGAGAGAAACAGAACCCTTCAGGGTGGGTCAGAGGACGCCATCCACAGTO 
CGTGTTCGTTTGCAGGTGGAAGCAGTGATTTTTAGGACCCACTGAOT 
GAGATGCTGTTTATTTGTTAATTAAAAAGCTTTTTTCTCTGTC^ 
TTTTTAGTGAAAAATTGTTTTCCTTTCAAATTACAGACCTTTO 



Figure 45 




Figure 46 
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